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Learning Unit Purpose

As our nation’s economy, society at large, and environ-
ment are increasingly influenced by technological inno-
vations, it is imperative that our educational system is
able to keep pace and is able to prepare students for
highly technical careers. This Project ProBase Learning
Unit, titled Energy and Power Technologies, is designed to
help prepare high school students who plan to go on to
community college technical education or university-
level engineering programs.

This unit is one of eight Learning Units developed by
Project ProBase to address the critical need for upper

high school technology education curric-
ulum. The Project ProBase Learning Units
utilize hands-on, problem-based activi-
ties to introduce fundamental technology
concepts related to each context area
standard identified in Standards for Tech-
nological Literacy: Content for the Study of
Technology published by the International
Technology Education Association.

e Agriculture and Related Biotechnologies

® Entertainment and Recreation Technologies
¢ Information and Communication Technologies

® Medical Technologies

Construction Technologies
* Energy and Power Technologies

* Manufacturing Technologies

Transportation Technologies
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Constructivist-based
Teaching and Learning

Each Learning Unit is driven by authentic
open-ended problems offering multiple
opportunities for students to construct
knowledge about the world around them.
Constructivism is a learning theory based
on the belief that humans learn best when
they construct their own knowledge based
on their experiences.

One goal of the ProBase Learning Units is
to provide a variety of authentic, contex-
tually-based situations that students can
use to construct accurate knowledge and
develop appropriate skills across the
contexts of technology. Constructivist
learning is accomplished by providing
experiences and opportunities that
encourage students to construct accu-

rate knowledge and understanding. Each
Learning Unit considers the student a
creator of knowledge and assumes that the
teacher will facilitate this acquisition of
knowledge. This is contrary to the notion
that teachers are “dispensers” of knowledge
and requires a paradigm shift for some.

As facilitators of learning, ProBase instruc-
tors will need to prepare for class in a
slightly different way. Students will still
need materials and equipment as they
engage in activities.

vi Project ProBase * Energy and Power Technologies

Instructors should review all of the learning cycles
in advance so that they know what materials and
equipment to gather, as well as what types of
demonstrations must be provided. Another impor-
tant reason for reviewing the learning cycles is to
begin thinking about appropriate questions to ask
the students. Sample questions are provided in the
Reflection phase of each learning cycle. However,
the instructor may want to go beyond these ques-
tions to probe student thinking to find out the tech-
nological perspectives students bring to the class.
The instructor should ask questions that challenge
student thinking and present new ideas that help
students create conceptual change.



Connecting the Standards for Technological Literacy:

Content for the Study of Technology

Enduring Understandings

Each Learning Unit developed by Project ProBase
was developed to address three to four enduring
understandings derived from Standards for Techno-
logical Literacy: Content for the Study of Technology (STL)
published by the International Technology Education
Association (2000/2002). According to Wiggins and
McTighe in Understanding by Design (1998, p. 10), an
enduring understanding “refers to the big ideas, the
important understandings, that we want students to
‘getinside of’ and retain after they’ve forgotten many
of the details.”

In an effort to distill the enduring under-
standings from the STL, each standard was
filtered through the following questions:

* Does the standard represent a big idea
having enduring value beyond the class-
room?

* Does the standard reside at the heart of
the discipline?

* Does the standard require uncoverage of
abstract and often misunderstood ideas?

* Does the standard offer potential for
engaging students?

This process yielded nine enduring under-
standings. For a complete list of enduring

understandings along with corresponding
essential questions, see appendix page AA.

Students will understand.:

1. That technological progression is driven
by a number of factors, including indi-
vidual creativity, product and systems
innovations, and human wants and needs.

2. That technological development for the
solution of a problem in one context can
spinoff for use in a variety of often unre-
lated applications.

3. That technological change can be positive
and/or negative and can have intended
and/or unforeseen social, cultural, and

environmental consequences.

4. How technological systems work, the
components of those systems, and how
they fit into the larger technological,
economic, and social systems.

5. The compelling and controversial issues
associated with the acquisition, develop-
ment, use, and disposal of resources.
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. That the complexities of techno-

logical design involve trade-offs
among competing constraints and
requirements, including engineering,
economic, political, social, and environ-

mental considerations.

. That technological design is a system-

atic process used to initiate and refine
ideas, solve problems, and maintain
products and systems.

. How technological assessment is used

to determine the benefits, limitations,
and risks associated with existing and
proposed technologies.

. How to utilize a variety of simple and

complex technologies.

Essential Questions

Each enduring understanding must be

“unpacked” to be meaningful for learning

and instruction. Therefore, each enduring

understanding has several essential ques-

tions associated with it. The essential

questions are addressed through the

learning cycles.

viii
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Bridge Competencies

In addition to focusing on the enduring understand-
ings derived from STL, each Learning Unit helps

to address a set of Bridge Competencies developed

in conjunction with a consortium of central Illinois
community college partners. Representatives from
this consortium reviewed each Learning Unit to
identify where the Bridge Competencies were being
addressed. Each Learning Unit contains a matrix that
reflects which Bridge Competencies are addressed in
that specific Learning Unit.

Learning Unit Framework

Each Learning Unit developed by Project ProBase
follows a similar format in an effort to be consistent

and true to a constructivist-based curriculum.
Preliminary Challenge

Students will be introduced to the Learning Unit
through a hands-on activity designed to pique
their interest and begin to establish a focus for the
Learning Unit.

Primary Challenge

Next, the students are introduced to a robust Primary
Challenge, which is far too complex to be solved at this
point in the unit. Students will be asked to reflect on
the knowledge and skills needed to reach a plausible
solution to this challenge. This instructor-led discus-
sion happens just before the students are led through
a series of four-phase learning cycles designed

to develop the knowledge and skills necessary to
successfully complete the Primary Challenge. Time is
provided throughout the nine-week Learning Unit to
actually work on a solution to the Primary Challenge.



Four-phase Learning Cycles

In order to develop plausible solutions for the Primary Challenge, students must gain accurate knowl-

edge and appropriate skills throughout each Learning Unit. The learning experiences found in the

Project ProBase curriculum are developed using a four-phase learning cycle.

Phase one: Exploration

During this phase of each learning cycle, students
will be exploring selected concepts while engaged in
hands-on activities. The explorations are done indi-
vidually as well as in teams. The goal of the Explo-
ration phase is to have students construct accurate
knowledge about each concept under investigation.

weflecsjo o

0
@

The Reflection phase of the learning cycle offers an

Phase two: Reflection

opportunity for students to think about what they
know about the concepts under investigation. Their
reflections are recorded in an Inventor’s Logbook
that can be used to check their understanding.

This phase of the learning cycle also provides an
opportunity for the instructor to clear up lingering
misconceptions and to be sure that all students are
ready to move on.

agem
% 67//

|, %

N Phase three: Engagement

The Engagement phase of the learning cycle
allows the student to apply the knowledge
and skills that they are constructing. This
phase reinforces their understanding of
the important concepts. The activities that
students are engaged in are as authentic as
possible and are often team activities.

*pansiq
expaido,

> Phase four: Expansion

This phase of the learning cycle is where
students can extend their new understand-
ings to new situations. Students should
select one of the activities from the several
that are suggested. Some of the Expansion
activities are designed to be done as indi-
viduals as homework and some are team
activities.

Introduction
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A goal of the Project ProBase curriculum is
to have students work toward the Primary
Challenge throughout each Learning Unit.

X

> Preparin
for the p(hall%nge

Student and Instructor Roles During Each Phase of the Learning Cycle

L i 1
earning Cycle Student’s Role Instructor’s Role
Phase
Interacts with materials Asks questions
and equipment Gathers materials
. Collects, records, and Oversees safety and
Exploration - .
analyzes data skills instruction
Designs solutions Encourages Inventor’s
Investigates concepts Logbook entries
Answers questions in Questions students
Inventor’s Logbook Leads class discussions
, Forms generalizations Corrects
Reflection . .
Compares team data misconceptions
Participates in Facilitates class data
discussions sets
Applies concepts, Supplies materials
principles, theories Keeps students on task
Engagement Designs and builds Corrects lingering
solutions misconceptions
Solves problems Assures safe practice
Extends concepts to Provides appropriate
different contexts resources
. Researches Questions students
Expansion . , .
Journals in Inventor’s to ensure connections
Logbook are made to broader
context

Preparing for
the Challenge

Therefore, at the end of each learning cycle students
are asked to reflect on the Primary Challenge. In many

Project ProBase * Energy and Power Technologies

cases the student is provided time to work on the
solution to the Primary Challenge for a day or two
between learning cycles.




Inve“)“s
1 ob@\k Inventor’s Logbook

Each Learning Unit developed by Project ProBase
makes use of an Inventor’s Logbook. Anicon like the
one above is placed throughout the Learning Unit
whenever students are expected to answer specific
questions, record data, or write down their observa-
tions. The specificrequirements for this logbook are
left for you to determine.

The Inventor’s Logbook entries will also be used

to check and assess student progress toward the
concepts that each learning cycle is focused on. The
rubrics provided at the end of each learning cycle
contain an Inventor’s Logbook element where the
specific concepts are identified. This will encourage
your students to make regular entries in their
student text and provide dynamic documentation of
their progress.

Student Assessment

Student assessment is an important componentin
the ProBase curriculum. The Instructor’s Guide
provides several optional rubrics to use for formative
and summative student evaluation. The Inventor’s
Logbookis designed to be a formative assessment

of student progress. The Instructor’s Guide contains
arubric for assessing each student’s Inventor’s
Logbook. In addition, each Primary Challengehas a

rubric for summative evaluation.

The Engagement phase of each learning
cycle affords a unique opportunity to assess
student progress. Therefore, a rubric unique
to the Engagement phase is provided as often
as possible.

Rubrics have been inserted in the Instruc-
tor’s Guide and Student’s Guide for
assessing a student’s contribution to team-
work and daily engagement/preparation.

Materials and Equipment

The Project ProBase curriculum is designed
to be taught in a general technology labora-
tory facility. Each learning cycle details the
equipment and materials needed for that
specific activity. Each Learning Unit also
includes a compiled list of all the equip-
ment and materials needed for the unit in
the front of the Instructor’s Guide. By design
and as much as possible, the equipment and
materials used for the activities are easy

to find, over-the-counter materials. Where
appropriate and necessary, specific vendors
have been identified and their contact infor-
mation has been provided.
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Learning Cycle One:

3a. What are some of the unforeseen
consequences of specific
technological changes throughout
history?

3b. How can a technology cause both
good and harm and how do humans
prepare for or respond to these
impacts?

Learning Cycle Two:
4b. What are the key elements of the
various technological systems and
what are the relationships between
these systems?

Learning Cycle Three:
4a. What are the systems and
subsystems involved in the various
contexts of technology?

Learning Cycle Three:
6a. To what extent have optimal
designs been achieved in the eight
technological context areas?

Learning Cycle One:
9b. How do technologies communicate
with one another and provide
information to humans?

Learning Cycle Two:
9d. How is technological
instrumentation used to measure,
calculate, manipulate, and predict
the actions of technological devices
and systems?

Learning Cycle Three:
9c. To what extent are technological
systems and devices controlled by
people and to what extent are they
controlled by other technologies?

Xii
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Energy and Power Technologies Overview

Up to this point, we have been discussing the

Project ProBase Learning Units in general terms.
The following points will be specific to Energy and
Power Technologies.

Enduring Understandings
and Essential Questions

The Energy and Power Technologies Learning Unit

focuses on four of the nine enduring understand-
ings. As they complete Energy and Power Technolo-
gies students will understand:

3. That technological change can be positive and/
or negative and can have intended and/or
unforeseen social, cultural, environmental,
and political consequences.

4. How technological systems work, the compo-
nents of those systems, and how they fit into
the larger technological, economic, and social
systems.

6. That the complexities of technological
design involve trade-offs among competing
constraints and requirements, including engi-
neering, economic, political, social, and envi-
ronmental considerations.

9. How to utilize a variety of simple and complex
technologies.

The essential questions addressed in each
learning cycle will be correlated to the learning
cycle objectives.
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s a constructivist, problem-based curriculum, the ProBase

Learning Units offer a variety of opportunities for students

to engage in design activities. The ProBase Learning Units
have been developed for upper high school technology educa-
tion students. It is assumed that students engaging in the ProBase
curriculum possess some prerequisite knowledge and skills
regarding engineering design. If students do not have previous
experience in this area, it may be necessary to provide a brief intro-
duction to design-based problem solving. It is suggested that you
use the following design model adapted for the ProBase curriculum
from Standards for Technological Literacy (International Technology
Education Association, 2000/2002).

Clarifying
the Problem

Brainstorming

Ideas

Communicating
Results

technological
design loop

Selecting a

Implementing Potential Solution

Evaluating and Modeling and
Refining Prototyping
Testing

If you see a need to introduce the design-based problem solving
process, it is suggested that you do so in a constructivist manner
using a simple design problem. For example, you might have your

ProBase DESIGN MODEL

students use the model presented above as they design a cover
for a book or CD. You should attempt to use media beyond paper

—]
-
rm

and pencil such as modeling clay, Styrofoam'", Balsa wood, or
cardboard. Other simple design ideas include designing paper
airplanes, a package for their favorite snack, a marketing flyer for
a new product, an ergonomic handle for a shaving razor, or proto-
type cardboard seat or a model of other furniture pieces.

xvii  Project ProBase * Energy and Power Technologies
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The Basics
and Beyond

Introduction

Through this Preliminary Chal-
lenge, students will be building
and experimenting with different
energy and power systems. This
Preliminary Challenge is a team-
based activity. After reading the
material below, you will need to
place all students into teams and
assign each team a problem to
complete. The activities are struc-
tured in such a way that each
team of students will follow a set
of directions to complete one of
the activities. They will then be
expected to present their device to
the other teams in the class.

The activities in this Preliminary
Challenge were designed to be an
introductory experience for the
students; thus, the activities will
not provide the students with an
in-depth background on all of the
respective experiments and tech-
nologies. It is important to assign
students to teams while consid-
ering the varying levels of cogni-
tive and kinesthetic abilities for
each student/team. These activities
should be completed in four class
periods or less.

preliminary Chaﬂenge

The Basics and Beyond

HERE DOES THE ELECTRICITY that powers your halr drver orlgl-
nate? Why does the stereo in your car work? Why do bicycles have
different gears? This Preliminery Cirallznge will help you discover:

* How critical energy and power are in our society

* How different forms of energy work in concert to complete a task

Preliminary Challenge

As a member of a keam designated by
wour imstructor, you will be assigned
one of five energy stations. Al the
station to which you are assigned,
your team will construct a powered
device and prepare to share it with
other members of your class during an
energy “roundtable” A brief descrip-
f tionofall fve stations is provided mesd,
m followed by instructions for building
each of the statioms. After being
assigned to a design tearn/station,
you will need to obtain the assess-
ment guide and all necessaty building
materials from your instruclor before

starting the activity. Satety when using all tools and materials is a must! Please
b sure you follow the safety guidelines outlined by your instructor.

] Preject ProBase » Energy and Power Technolagies

Note: Student teams will be assigned to one activity/
energy station. In the event that you have a large class,
you may need to assign the same station to multiple teams
and have them create different designs. After all teams
have completed their designs, the teams should take turns
presenting a demonstration to the remainder of students
in the class (the other teams).

6 Project ProBase  Energy & Power Technologies




Station #1 Hem Engine
Stearn, which was used a,h:.wl:\-')s 0B C o [T
mechanical devices, was a prnthmlnntug;(\ ﬁn-?
energy source in the industrializa Ve e
thom af the Undted States, Steam s i
still an importan energy that is

used heavily in boday’s energy and
prives systems Civen the materials
at your stakion, your beam will badld

a Hero steam engine.

Stanan #1 Sorkng Engine

Huhn[l_(\nj:lrw; wiere Insented in 1.I,||F:b'_v Barbsert
Stirling, Stisling enpines work on Lhe premise of an
external heat soarce, Given the maberials ab your
slathan, your eam ] bualld a h\orl.mr_ Stlrlmg engine.

Station #4 Wind Generater

i sonaroe of

ety throughoul
the United States
aruf the world, Glven the materlals at
wyour stabion, your leam will baild a
warking wind genezator.

Station #3 Selar Emargy

Solar energy Is gaining
popularity throughout the
Linited States and the world.
Glven materials at your

station, your team will build

= asalar powered fan.

tation #5 The Bartery

Batberies areused asa meansol trans-
porting powes. Bableries anecommuonly
1sesd to powerelectrical

and eleet romicdevices
Liiventhematerialsal

yonarstaticn, youTicam

will build aseriesof

workingbatieries,

The Basici aad Beyand
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tive and can have intended
and/or unforeseen social,
cultural, environmental, and
political consequences.

4. how technological systems
work, the components of those
systems, and how they fit
into the larger technological,
economic, and social systems.

9. how to utilize a variety of
simple and complex technolo-
gies.

Learning Unit Goal

The Learning Unit goal
provides a target for the
Energy and Power Learning
Unit. As students complete
this unit, they will be able to:

Demonstrate how various forms
of energy are used to create
power and understand how
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Key Concepts

various power systems operate
and risks and benefits of each.

Each Learning Unit is designed to facilitate several enduring
understandings. The key concepts have been synthesized from

the enduring understandings and essential questions and will
focus the learning cycles in this Learning Unit. Each learning
cycle is keyed to one or more of the following enduring under-
standings:

Facility Requirements

Students will understand:
There are no special arrangements

2. that technological development for the solution of a needed for these activities.
problem in one context can spin-off for use in a variety of
often unrelated applications.

3. that technological change can be positive and/or nega-

The Basics and Beyond 1



Suggested Daily Outline

T o
< oo
E S
E = Day 0
S = ay One
o.
Introduction, Station One:
Stations Steam-Powered Hero Engine
Day Two If your team was assigned 1o Statlon One, it will be your responsibility fas
a team) to build the steam-powered Hero engine and later demonstrate the
machine to classmates. Use these materials to build a working Hero engine.
Faollow the steps below bo construct your working engine.
Stations 1. Fired the lengthwise
center line for the air Your team should gather the following
chamber. You can do this materials before beginning this activity:
by measuring 3° from the Capper Stub Out air chamber
Day Three it o ci 316" Thumb srew Fe
that location with 2 12) Grease fittings Stmel wool
5 Copper and cap Clarnpirg pliers
marker, Sokler Simple sclentific
Statlorls/ 2 Using the electric drill, ::ﬂ:wmlﬁ. Pm:::;n:n
Presentations bore a 14" hole through the
air chamber at the position
marked in step #1. The holes should be just large enough to enable the
grease fittings turn tightly
Day Four
3. Unscrew the grease Attings, remove the spring and ball valves, and
discard them {Note: the Hern Engtne wall not work if you skip dris step. ) Alr
. should now Aow freely through the grease fitlings. Reassemble the
Presentatlons/ grease Atings and serew the Atings into the holes and position them so
Reﬂectloﬂ that they face in opposite divections from one another. Also make sure
that the %° bend in the grease fittings is perpendicular bo the main air
chamber tube {zee Figure 1)
Day Five
Intro to Primary 8 Project ProBase = Energy and Power Technologies
Challenge

energy roundtable is meant to be a brief session where each team
Estimated Number of 50- is allowed three to five minutes to present and discuss its energy
minute class periods: 5 devices and the things that the students learned while building

the devices. Encourage students to point out the possible benefits

While the students are working on and risks for their devices during this roundtable.

their activities, ask them what they -I- h
are learning, why itis important, L eachin g

and how the activities relate to their | Divide the students into the teams you feel are

world. most appropriate. If you feel safety rules and/or

Students should create a poster demonstrations should take place, please do so at

or another appropriate presenta- this time. Explain to the class what will occur in the next

during an energy roundtable. The

8 Project ProBase  Energy & Power Technologies
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Equipment and Materials

Per team based on a class of 28

students
fisning Woe e
) i I Deilla %" hole i the center of
the 14" copper end cap and remove 53"“? i Station One:
P A i any burrs with a file or steel wool Whenever nsing .
b {check with your instructor). a tarch, ke sure Hel‘O El’lgll‘le
that the area is
\\ 5. After thoroughly cleaning both clean and free
i ovl grass faning (2u) the ingide of the end cap and the d‘“mb“’t‘:‘lt 1/ 7 8,, S b O A. Ch b
pabieia end of the air chamber with steel ::Il:a:-:ll:ml s 2 X tu ut 1r ambpber
wonl, coat both pleces with solder |ram members
fluax and place the end cap on the and othor class- 77
Figre . Hon cpmecia. | 10 P2 5 i 3/16” 1 thumb screw
’ : § sale distance

P re heating the
6. After notifying vour instructor, use the torch to heat the end cap and i

engine: the steam 77
solder it to the air chamber. Take extreme caution with all parts, as they S ek 1/2 Copper end Cap
will be very hat! aruf hal water
would potentially
7. Using a Cclamp ar other holding device and an electric deill, deill a spew from the (2) 900 grease ﬁttings

freas ﬂtllnr__ Taki
care not to.get toa
whose to the spin-

small hole (447} theough the flat part of the thumb screw for attaching

the fishing e and swivel. (Woke: B vef wadll allote Bhe exgivie fo rohhe)

Remove any burrs with a metal file or other approved tool and bwist the ning engine. The Fishing line SWiVel
thumb screw inlo the end cap and attach the fshing line and swivel engine should
never be heated
B hount the completed Hero emgine bo the scientific test stand or other withaut an . . .
; : i 4-6 Ib. test fishing line

permanent sirackare so that it hangs from the fishing line in a horizontal

fashion

Solder
Propane torch

The Basici aad Beyand ) Drlll

File

) ] Steel Wool
Encourage your students to take notes about each device during

the presentations. If your room is large enough, you may be able Clamping pliers
to have several presentations going on at different tables simulta-

neously and rotate each team through each station. Simple scientific test stand

After the Preliminary Challenge you may want to keep the energy
and power devices on display in your classroom and encourage
students to experiment with the devices during free time. This
will likely build curiosity among students.

The Basics and Beyond 9
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9. Unscrew one of the grease fttings and All the engine with water until

B

excess waler pours from the grease fitting on the opposite side.

Reansert the grease fitting undil it is ght. Make sure it faces in the oppo-

site direction from the other fting,

Ask your instructor to assist you in preparing the torch to heat the Hero
engine Suspend the engine from the test stand and heat the botom of
the air chamber with the torch. As the water heats up, steam will begin
to escape from the openings at the ends of the grease fittings. The engine

should begin to spin

. Prepare a Ave-minute presentation outlining bow the device was

constructied and discuas how steam engines work. Identify al least fuve

existing and five polential uses for steam pOwer in your communily.

. Aber all other eams complete their respective stations, each feam will

be expected fo demonstrate the deviee it constructed and o give 2 short

pred station kopic,

presentation to the cass on the as

After completing, your presentation, you and your team should disas-
sermble andfor discard your device according to the instructions

provided by your instructor.

Preject ProBase » Energy and Power Technolagies

Figure 1. Hero Engine detail

Project ProBase  Energy & Power Technologies
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Station Two:

e i i Teaching

| While students are

[F your beam was assigned to Station Twe, it will be your responsibility (as a

tesrm) fo build the Stiding-Cycle engine and later demamstrate the machine P Working at their Stationsl
to classmates, The Stirling-Cycle engine operates on the changing pressures
betweens the hot and cool side of the engine. After you complete the Stitding- S walk around the class-
Cyehe engine, conduct additional research to identify the history of the engine.
Waork carefully to construct the engine according to the directions provided, Troom and ask the Students
Use these materials and the instructions below to construct the Stiding-
Cyehe engine. Use the figures provided on the following pages to guide your What they are learning and
construction. If, after constructing the engine, your team has problems with
the operation of the engine, refer to the “Troubleshooting Guidelines” at the Why this form Of energy is
end of the instruckions.
1. Cut off the top halt of I.h(' rubber balloon and stretch m;“m::kmﬂw lmportant'

the bop over the end of the I.J.It‘:l' rubber stopper, making, beginring His activity:

sure that the top and sides of the balloon are as smooth Asimpfed SUring Engine Kt

as possible. Al iin Era s

Pliers
2. Seal the balloom to the rubber stopper by wrapping Scissars

three rubber bands around the stopper as tightly as ‘Container of water

possible without breaking any rubber bands, It is crit- Ll

L = Heivy-wick candle

ical that these rubber bands form a seal to prevent air Fuiliber osar

leakage,

(%]

Insert the largest end of one of the hose fittings into the uncovered end
of the rubber stopper (the rubber stopper in which you just covered
the other end) and connect the clear hosing to the exposed end of this
fitting, At this point, a clear hose should protrude from the rubber
stopper that is covered on the other end by a balloon.

The Basici aad Beyand I

Station Two: Stirling Engine

Simplified Stirling Engine Kit #1869. Available from Bailey
Craftsman Supply (800) 895-5446; www.baileycraft.com
An illustration and directions will come with the kit from
Bailey Craftsman Supply.

The Basics and Beyond 1
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1. Al this point, you need o check your work. Submerge the balloon/
stopper comblnathon into a contalner of water and blow on the end of
the rubber hose. If you see bubbles floating, to the top, check with your
instructor and repeat steps 1 - 4.

o

Assemble the alumimim brisckets and hinge
mechanism using the bolts and nuts
inchuded in the Stiding engine kit —

{sene Figrure 2).

6. IMace the balloon/stopper/
hose combination
under the hinge and
against the leg of the
bracket (see Figure 2). Wrap
the entire bracket and rubber stopper

Figure 3, Cormirustiog buse
i Sinling-Cyche Ericrne

with large rubber O-ringz. This willbe a
tight fit and may require some lubrication {(water).
Make certain that the rubber stopper is pressed tightly against the top
edge of the hinge.

=

Insert all fve marbles nko the test fube and place the smaller rubber
stopper in the other end of the tube. Do not roll the marbles from one

eitd {0 the other rapldly as this may cause the glass to shatter,

& Slip the enclosed hook over the large end of the tube hose conmector and
then insert this conmector into the rubber stopper in the fest tube (see

Figure 3)

Preject ProBase » Energy and Power Technolagies

Stretched
Balloon
]
/Q/‘ /@ Rubber bands

Large 0-rings 9| Rubber

stopper
&
&

0

Figure 2. Constructing base
for Stirling-Cycle Engine

Project ProBase  Energy & Power Technologies
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Push the unattached end of the rubber hose onto the small end of the

hose connector.

and slide on the bao smaller O-

W Rest the test tube on top of the hing
rings Carefully, place the flat piece of metal between the balloon and
hi

placed inbo the sealid end of the test tube) just slowly roll koward the

Adjust the test tube hack and forth until the marbles (when

other (stopper) end when the tube is released in a horizontal manner
(e Figure 3). In other words, the balance should be slightly in faver of

the stopper end of the test tube.

11, Momentarily, unhook the rubber tube from the end of the test tube and
blow air into the hose until the test tube reaches a horizontal resting
position. Pinch off the hose and reinsert it onto the tube (Nale: This proce-
aliire ey e fo by repenhed 5

il tirmaes it Hurr

wifeal posid fiwi. §

2. Ask your instructor to check your work and then test the Stirling-

Cyele

engine,

Figure 3. The completad Stiding-Cycle Erigine

The Basici aad Beyand 11

) metal shim

washer/

block of wood

Figure 3. The completed Stirling-
Cycle Engine
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Notes:
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13, With your instructor's permission, place a heavy-wicked candle (the
candle that comes with the kit may need to be replaced with a more
heavily wicked candle) under the sealed end of the test tube and wait.
It is wery important o block all scurces of wind or moving air from the
candle. If the candle flame does not continueusly strike the est tube

.
Te ach I ng one spol, it may never reach a sufficient lemperature.
.

M. The heat inside the tube should be transferned through the rubber hose
I Ask StUdentS What iS to the balloon. As the balloon expands, the fest tube should start o it

and marbles should start to roll oward the epposite end of the chamber,

P Causing the tube to move A the marbles roll ko the other end, the pressure should change and

cause the tube to rock back again.

§ up and down. Have the

o

. In the case that the engine fails to rock one way or the other, washers
students give examples of may be added to the hook to balance the engine, Cnce the weights
are added and the pressure iz sufficient, the engine should operate

where this type of energy is smoothly.

used. 16, Prepare a five-minute presentation outlining how the device was
constructed and bow Stiding engines work. Identify at least five existing

and fve potential uses for the Strling-Cyele engine bn pour commminiby.

17, After all other teams complete their respective stations, each team will

be expected to demonstrate the deviee it constructed and give a short

presentation to the cass on the assigned station topic,

18 After completing your presentation, your feam should disassemble and/
or discard the device according to the instructions provided by your

imstructor.

1} Preject ProBase » Energy and Power Technolagies
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Troubleshooting Guide

If the engine does not start fo move:

1. Review the directions and illustration to ensure that the engine is
constructed correctly.
2. Check the amount of air in the balloon. Too much abe will cause the best

tube ko lean forward and will prevent it from Elling back 1o the slopper

end. Too Little air will prevent the test tube from Litling forward.
3. Check to see if the prece of metal is bebween the hinge and the balloon,
4, Check to see that the tube is balanced properdy.
If the engine does wot run for very long:

1. Add more washers. The required weight needed to keep the engine
running may change with the amount of heat. Add washers one al a

Hime as needed.

2]

Civing the emgine a small push will sometimes start the engine.

%]

. Placing a piece of ice on the rubber hose will increase the deferential
between hot and codd and the engine may run more stnoothly.

-

. 1f the engine leans forward once and does not lean back, there may be

too much air in the balloon.

The Basici aad Beyand

Notes:
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Station Three: Solar Fan

Solar panel, 200 mA with 2V
output. (These are available
through a number of vendors
such as Pitsco # D56852-190.)

Plastic 5” — 6” propeller

Motor 1V to 1.5 V. These are
available through a number of

vendors such as Kelvin, Part
#851254.

Motor Mount 11/16” 1.D.

(2) Alligator clips with leads

16

Various construction/
modeling materials such as
cardboard, foam core, etc. to
design and construct the solar
fan mounting device.

Station Three:
Solar-Powered Fan

If your beam was assigned to Station Three, it will be your respensibility
(2% a team) o build the solar-powered fan and later demonstrate the deviee

to classmates. Use the materials provided to build a working solar-powered

fan. Follow the steps below 1o design and

construct your working solar-powered fan Yourr team should gather the
following materials before

1. Take a few minutes to experiment beginning this activily:
with the solar cell, the electric motor, Solatcel
and propeller before developing your Alligaton dlips withwire leads
solap-powered fan. Bleinic matar

Propelier

2 Use the alligatar clips to connect the Wl Mot

termimals found om the back of the Onher basic construction materials

sodar cell o the electrie motor. Flace
the solar cell in sunlight or shine a bright light on the cell and observe

what happens {see Figure 4).

ush the propeller onto the motor shaft and hold the cell in sunlight
or shine a light on the cell. Make certain that vou operate the propeller
a safe distance from your own body and those of your teammaes.

Ohbserve what happens to the deviee

4. As a beam, review the construction materials that your instructor has
provided and brainstorm some possible design ideas for creating a
personal solar-powered fan using the motor, propeller, and solar cell.
Remember, you will need to design and build a solar-powered fan that
is both functional and safe.

5. Sketch a final deslgn and prepare a materials Hst for your insteuctor.

Is Preject ProBase » Energy and Power Technolagies
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Construct the fan according to your beam's design, making certaln that

the completed fan includes:

& A design that completely enchoses the propeller,

* A design that can be switched off and on easily.
& A design that will allow the fan o be rotated in any direction

while maintaining electric current from the solar cell

7. When the design is completed and has been tested, prepare a five-minute
presentation outlining how the device was constructed, how solar power
works, and identify at least five existing and five potential uses for solar
poWer in youT community.

-

. After all other teams complete their respeclive stations, each team will
be expected bo demonstrate the device il constructed and give a short

presentation to the class on the assigned station topic.

=l

After completing your presentation, your beam should disassemble and)
or discard the device acoording to the instructions provided by your

mstrachon.

sodar pares

Flgure 4. Conewcting the sola pans!

The Basici aad Beyand 17

solar panel

motor

Figure 4. Connecting the solar panel
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Teaching
| Ask the students to

describe to you the trade-
§ offs of using solar energy

to power different devices.

The Basics and Beyond 17



Station Four: Wind Generator
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Plastic 5” — 6” Propeller

Station Four

Compact disc (may be a used Wind Generator
disc)

If your team was assigned o Your team should gather the following
77 77 A i " =
Metal rod; 1/8 X 5 Station -|I-Il-lr, it will be your rateridls before beginming this activity:
responsibility (as a team) o
busild the wind generator and F-6" plastic propelier :
later demonstrate the machine Compact diec (CO] 1t maybe 3 sec d i)
Rubber stopper #0 s S o Metalrod 4° 5"
0 classmates. Follow the direc-
. #0 rubber stapper
thons bebow Lo construct yous Epw scravis mith Y4" wyw iole
. 1M team’s working wind generator. Phadtic 35 iy B AR ar
(2) Eye screws with 8" eye hole i
1. Build a mount similar Tinch piece af plastic tubing
t the one ilustrated in with inide diameter af ks than W
Plastic 35mm film canister Figure 5 for your wind

generator. Make certain that you place the two eve screws at least 3467
apart as illustrated.

(8) Magnets: size and shape can

Attach the #) rubber stopper on one end of the 1" £ 57 metal rod. (Slide

Vary from the diagram as long the rubber stopper 14" away from the plastic tubing and a washer onto

the metal rod )

as all magnets are the same

Slide the rod through the bwo serew eves and then put another washer

and 34" of the plastic tubing on the rod (see Figure 5)
7 . . . . .
1 plaStIC tUblng Wlth an lnSIde 4. IMace the blade on the opposite end of the rod from the stopper.

diameter Of leSS than 1/8” 5 Glue four magnels onto the CO using hot glue. Glue them so that they

ape opposite each other, making sure that they do not touch.

Various pieces of wood to
construct a stand for the wind
generator according to student

designs 1B Preject ProBase » Energy and Power Technolagies
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Figee 5. Basic componans of the wire gensragar

6. Place the T on the stopper, making certain that the magnets face
outward. Balance the generator by adjusting the plastic tubing to achieve

maximum balance in the generator.

-

Build a mount similar o the one llustrated in Figure 5 for the coll.
T'his mownt will hold the coil side of the generalor. Make the coil mount
213" taller than the genecator mount. You alse need o make certaln that
the mount allows for the coils to be removed during the experiment

outlined in Step #10 on the following page.

on

. Make three ditferent coils. Measure out three lengths of wire, One
length of wire should be 20 feet, the second should be 30 feet, and the
third should be 40 feet kong, Wrap coils of copper wire around three
difterent plastic 35mm film canisters as neatly as possible, One coil
should contain 20 teet of copper wire, one should contain 30 feet, and
one should contain 40 teet of wire, Leave at least fwo inches of copper
wire extending from each end of each coil. Use sandpaper to remove the
enamel from the ends of the copper wire on each of the coils

The Basici aad Beyand 19
magnets
coil (e b
. / fan blade
(wire wrappeq around ; plastic sgopper
a film canister) 1/8" welding rod (2x
washers
[ !
eye screws
E stopper (g()
I
wood base wood base

Figure 5. Basic components of the wind generator

Teaching

|  Ask the students what

P wind generators are

§ used for in our society.
Airplanes, computer fans,

and household fans are a few

examples.

The Basics and Beyond
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1.

()

Place the coll mount next o the CO, making sure that when the CD is
rodated, the magnets travel acrass the path of the coil but do nol actually
touch the coll (see Figure 5). Note: It is impoetant that the codl and the

magnels pass very closely as the device is rolated.

You are now geing o conduct experiments with the three different coils

o determine which is the most efficient.

Place the smallest coil {20 wraps of copper wire) on the mount and
place the generator in front of a fan. Attach a millivoltmeter or multi-
meter on both sides of the coil and record how much current is
produced

Place the middle sized coil {30 wraps of copper wire) on the device

and record how much current is produced.

Place the largest coil (40 wraps of copper wire) on the device and
record how much current is produced,

Prepare a five-minule presentation cutlining how the device was
oonstructed and describe how wind genesators work [dentify at least five

existing and five potential uses for wind generalors in your community.

. After all other teams complete their respective stations, each bzam will

be expected to demonstrate the deviee it constructed and give a short

presentation to the dass on the assigned stabion opic,

. After completing your presentation, you and your team should dizas-

semble andfor discard your device according to the instructions
provided by your instructor.

Preject ProBase » Energy and Power Technolagies
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Station Five:
Battery Model

[F youir beam was assigned to Station Five, it will be vour responsibility (as a

tesrrn) ko build a variety of batterie

classmates. At first glance, these

e amed laber demonstrate the bateries o your

batteries may seemn elementary in mature;

however, your team will undoubtedly need the knowledge and skills leamed
in this station for the Primary Challenge,

During this activity, you will be constructing three different batteries, Before
you begin constructing the batteries you will need to develop a matrix or

graph to record the voltage and milliamps and any other experimental infor-

mation for all three batteries

Batteries contain chemnicals that
electricity. The chemicals are ca

Your teamn should gather the
following materials before
beginning this activity:
(4] Gabvanized nais
{41 Copper penriies
(41 Lemens.
1-gauge copper wire
AldirinLm Strip
Lapper strig
Zine strip
Steel wool
350-ml beakar
1 M Frydrachloric acid (HCT)
Vinegar
(st water
(71 Aliggator clips
Mudtimetes

cause a chemical reaction which generates
illed electrolytes because they allow elec-
tricity to flow through them. An electric
current is actually a flow of electrons. All
batteries have a posilive {+) and a negative
(=} edectrode. Electrons will flos from the “
" electrode to the “+* electroade of a hattery,
Voltage is a measure of the movement of
electrons, Certain materials, called condue
tors, allow electrons ko flow through them,
Mest metals {aluminum, copper, iron) are

pood conductors of electricity.
Building a lemon battery

Follow the directions given b construct
your team's first battery:

1. Cut a alit in ome side of the lemon and

insert a copper penmy.

The Basici aad Beyand
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Station Five: Battery Models

(4) Lemons

(4) Pennies

(4) Galvanized nails

(5) Sets of alligator clips

Multimeter with connecting

wires
14-gauge copper wire

(4) Low-voltage LEDs (light emit-
ting diode)

Aluminum strip
Copper strip
Zinc strip

Steel wool
250-ml beaker
Vinegar

Distilled water

The Basics and Beyond 2l
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iminary
Challenge

o
—
[~

2 Push a galvanized nail inko the other side of the lemon. The nall and
penny must not teuch (see Figure &) This s a single cell of a battery. The
zine nail and the copper penny are called the dectrulez. The lemaon julce

is the electrolybe

sz a raltimeter o best the voltage bebween the poles of vour lemon

Set the multimeter on 2V to 6V range, making sure to plug the bwvo wire

compectors in the correct jacks on the raltimeter (Figure 7). Record the

voltage reading in the graph you created earlier

=

Mow that your team has a volt reading, switch your multimeter to DC
Flgure 6. milliamps and record how many milliamps vour lemon is producing,
Your team will discover that this battery will not produce enough
current {flowing electrons) to light an LED. To solve this problermn, your

team can use additional lemons and create additional batteries

Conmeeting smultiple lemion batteries

1. Build an additional lemon battery and connect it ko your first lemon

battery. Conmect them in a series using alligstor clips from the -+

{penny} to “* (galvanized nail), as ilustrated in Figure & How many
volts do the bwo combined kemon batteries produce? Record the answer

in your graph.

pa

Make two additional lemon batteries and connect them all together to

create a string of four lemon batteries (see Figure 9), Fow many volts did
Figure 8. the four lkemons produce? Record the voltage reading in your graph. This
amount should be enough to light up an LED.

P Preject ProBase » Energy and Power Technolagies

Figure 8.

Teaching

| Ask the students to come

p up with different uses for

§ the types of batteries that
they are creating.

n Project ProBase  Energy & Power Technologies



3. Using alligator clips, connect an LED to veur four-battery system and
see if your lemon battery lights up the LED. The conmecting wires go
from "¢ 1o °

* and "

an LED, you will notice a "lat” spot {indicated by ageow in Figure 10).

" on each battery. To tuen on an LED you must determine

the 4 " connections. If you look closely at the red plastic base of
I'he wire that comes out beside the flat spol must connect bo the " side

* slde.

of a battery, the other wire to the *s
Important information about LEDs:

LEDs are designed o work at very low voltsges (<2V) and low currents: They
will be damaged if connected to batteries rated at over 2 volts. LEDs require
mesistors o conteol current when used with batterles rated al over 2 volls,
Lemon batteries produce 1o

LED to wour lemon battery.

current. It is okay for your team to connect an

limproving your lemon brrﬂery

The quality of the copper and #inc can be a problem for a battery like this,
ennies in particular are ravely pure copper.

1. Try substituting a length of 1-gauge copper wire (commeon house wine)
of other copper materials for the penny. Experiment with different
lengths and configurations in an effort to incresse the output of your
batteric

s D ot et tae [envons after

EXPETEIT,

(3]

. Set aside the lemon batteries (but do not discard them), You will need
these batteries for your demanstration later

The Basici aad Beyand
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Figure 10.
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Mow that you have completed tests with the lemon battery, conduct additional
experiments and extend your knowledge by building a vinegar battery

Building a vinegar battery
Follow the directions below to construct a vinegar battery:

Teaching

| Metal strips can be obtained

1. Clean the strips of aluminum and copper metal with steel wool and
connect the strips with alligator clips.

a

‘our a 01 vinegar solution into a beaker.

P from scientific supply

Withiut leting the strips touch, place the metal strips into the vinegar
§ houses. They are often listed solution.

4. Mttach one end of the alligator clip from the copper strip to the positive

as “electrolytic cells.”

terminal of the multimeter, Atach one end of the alligator clip trom the
aluminum strip to the negative terminal of the multimeter

@

Set the multimeter on 2V to 6V range and record the voltage reading in
vour graph.

6 Mow that you have & volt reading for the vinegar hattery, switch the
multimeter o DC milliamps and identify how many milliamps the

i hattery is producing, Is there enough current fo light an LED?

u Preject ProBase » Energy and Power Technolagies
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Both of the two previous batteries depended upon acld 1o create a chemical
energy source. Build o third type of batery with distilled water and be

prepared to describe how it works.
Building a distilled water battery

Follow the directions below o construct a distilled water baliery.

. Clean the strips of zinc and copper mefal with steel wool and connect
the strips with alligator clips.

k3

. Pour distilled water inko a beaker,

(2]

. Without letting the strips touch, place them in the distilled water

4. Attach cme end of the alligator clip from the copper strip to the positive
terminal of the multimeter. Attach one end of the alligator elip from the
aluminurm strip to the negative terminal of the multimeter.

5. Set the multimeter on 2V to 8V range and record the voltage reading in

vour graph

=3

Wenw that you have a volt reading for the distilled water battery, switch the
multimeter ko DC milliamps and identi by how many milliamps the distilled
watter battery is producing, s there enough current to light an LED?

The Basici aad Beyand 15

(Adapted from Bob Jones (1983) Student Activities in Basic Science for Christian
Schools Greenville, SC: University Press.)
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Reflection

1. Explain the kinetic and poten-

>
= o
< bo
= <
=]
£ =
=
o =
= O

tial energies found in your

)
-

device (the device that you
created at your station).

Based on your bean'’s station, answer the following questions in the spaces

provided below:

K 7 A ot 1. Explain the kinetic and potential energies found in your device {the
POtentlaI KI netlc I device that you created al vour statiorn]).
chemical radiant Lug‘bm\“

. Laghoek PL.I
nuclear electrical ¥
Stored meChanicaI thermal L Which form(s) of energy does your device use? Create a definiton or
. . 3 definitions for cach form of energy.

gravitational mechanical

2. Which form(s) of energy does

(2]

your device use? Create a

P'rovide fAve examples of where your formn(s) of energy are used at your
school, IF your formys) of energy are not used at the school, provide

definition or definitions for

examples of where they are used in the cormmunity, state, or country

each form of energy (only
forms used in these devices

are listed below).

Chemical: energy stored in
atomic bOI’ldS ai’ld molecules 16 Preject ProBase » Enesgy and Power Technolgies

Radiant: electromagnetic energy
traveling in waves

Device Energy Explanation

Electrical: movement of electrical

charges chemical (candle) converts

Hero Engine P,k to thermal (steam)
Thermal: heat energy
. . .. . chemical (candle) converts
Mechanical/Motion: energy from Stirling Engine p k to mechanical (tube)
the movement of objects from one
place to another radiant (light) converts to
Solar Fan kp mechanical and electrical (motor)
Wind Generator K mechanical (fan) converts to
! electrical (current)
Battery b, k chemical (lemons and vinegar)

converts to electrical (current)

26 Project ProBase  Energy & Power Technologies



>
= o
< bo
= <
=]
[ —
=
o =
= O

4. How does your device work? Create a written and graphical explanation

of your device.

sy
o

Lugbeck PL2

The Basici aad Beyand i

3. Provide five examples of where your form(s) of energy are
used at your school. If your form(s) of energy are not used
at the school, provide examples of where they are used in
the community, state, or country.

Answers will vary.

4. How does your device work? Create a written and graphical

explanation of your device.
See device explanation on previous page.

The Basics and Beyond 27
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5. What are the benefits and

28

risks associated with your
device?
Answers will vary. Students

should identify at least one
benefit and at least one risk for
the device they created. Some
answers may be obvious and
others may require additional
research. (This question may be a
good class discussion topic.)

5. What are the benefils and risks associated with your device?

As you will soon discover, energy and power are used throughout the world
to perform a multitude of tasks. However, energy and power are taken for
granbed until we need or lose the capability of producing power. Por example,
the blackout which oocurred on the east coast of the United States and Canada
during August 2003 left everyone in the dark — without power for nearly two
days. Do you think people stranded withoul energy and power during this
blackont will take ENErEY and peonver for ;.;r\mlt.'.'] in the ftuture? The k\;.rnin-r‘.
cycles which follow this Prelintnary Ciralienge will help guide you through
the world of energy and power using an inventonfengineering philosophy of

discovering and gpplr\'n; k|1u'.\.'h:d;.;;,' in a hands-on fashion

1B Preject ProBase » Energy and Power Technolagies

Notes:
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any questions teams have about
the Primary Challenge at this time;
however, you will likely answer
?ﬁmal'}' Cha" Eng many questions with a comment

like, “You will complete a number

Providing Power to Rural Areas of learmng cycles in the coming

weeks that will prepare you to
answer that question.” At this
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hydropower or hydroelectricity generates 95,000 megawatis of power, timel you Should aSk Students tO

which is equivalent to the energy needed to power roughly 28 million

ﬁ CCORDING TO THE UNITED STATES DEPARTMENT OF ENERGY,

generate questions that they will

homes in Morth America.

leveloped  regrions  of the world, 1'1€€d answered in Order tO SOlVQ
WEVET, FeneTate much less power I.In.in!_=| .
hydroelectricity. South America, for the Primary Challenge.
example, generates ST5H megawabts of
power ucin*_'. hp']m.rl.:ur_riui”, the bulk

of which is used to power industrial After the Students haVe gener_

plants. Although the mapority of people

in underdeveloped countries live in larger
cities, there is a need for power in the

ated these questions, post them

remabe regions (aneas off of the power grid).

in a prominent place in the class-

A cheap, portable, and sustainable power generation systermn needs to be devel-

room (using the poster) so that

derdeveloped countries. Most mountainous
regions contain rivers or streams that could be lapped for hydropower gener-

oped for the remote regions of

A o PR B R U students can refer back to them
during the unit. There are short
breaks between learning cycles and
approximately two weeks at the
conclusion of the last learning cycle
where student teams can work on

Fronding Powss 1o Rars decas 29 the solution for the Primary Chal-

lenge. Students will be asked to

reflect on this challenge as part

of each learning cycle in a section
Estimated Number of 50- titled Preparing for the Challenge.
minute class periods: 10 ) )
(throughout the unit & at the EqUIpment, Materials
end of the learning cycles) and Facility Requirements
PrOViding Power to Rural Areas No special facility requirements are
needed to complete this Primary
Introduction Challenge. However, you should
begin preparing for this challenge
The Primary Challenge should be introduced immediately after by locating a suitable place to set

students complete the Preliminary Challenge so that they can begin ~ up a testing area for the solutions.
to relate concepts developed through the Preliminary Challenge and ~ This area should be close to a

the subsequent learning cycles toward plausible solutions to this

challenge. You should spend a portion of class time addressing

Providing Power to Rural Areas 29
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source of running water or in high
winds. If possible, this area should
be outside to reduce the amount of
clean up necessary after testing.

You may need to construct a testing
apparatus for the hydropower
generators. This apparatus can be
constructed from a piece of plastic
rain gutter and a garden hose. The
goal is to create a simulated river
by flowing as much water down the
gutter as possible. Your design may
need to be modified and flexible to
accommodate different solutions

to the challenge. You may want to
affix a mounting plate to the side of
the testing apparatus to which all
teams will mount their respective
generators during the testing phase.

Based upon how your students
solve the Primary Challenge, mate-
rials may need to be ordered or
acquired from earlier learning
cycles or outside sources. You may
want to anticipate thue use of elec-
tromagnetic wire and magnets for
creating coils. Additional materials
for solving this Primary Challenge
should be found in your lab.

Design Challenge

Students are required to work as a
team (as assigned by you) to design
and construct an appropriate
sustainable energy source based on
the principles of hydroelectric or
wind power. As the teams construct

Design Challenge

Your team will design and construct an appro-
priate sustainable energy source based on the

principles of hydroelectric or wind power. As
your feam constructs 1S gpenerator, each beam
member is required to keep accumte records of
the research and construction process on the
Irrendor’s Logbook entry pages that are locabed
throughout the Learning Unit

After constructing the device, vour team must:

1. Demonstrate that the hydropower or wind
generator produces direct current (DC) by
lighting up ore or more LEDs (light emit-

ting dindes)

2 Demonstrate that your device ks portable

and can be transported from one location

te another.

3 Demonsirate that vour device is adstahle
i allow for varying depths and widths of

streams or wind speeds

n Preject ProBase » Energy and Power Technolagies

their respective generators, each team member is required to
keep accurate records of the research and construction process on
the Inventor’s Logbook entry pages in each learning unit.

After constructing the device, the teams must:

1. Demonstrate that the hydropower or wind generator
produces direct current (DC) by lighting up one or more
LEDs (light emitting diode).

2. Demonstrate that the device is portable and can be trans-
ported from one location to another.

3. Demonstrate that the device is adjustable to allow for
varying depths and widths of streams or variable wind
speeds.

30 Project ProBase  Energy & Power Technologies




Additionally, the student teams
are required to remain within the
following constraints and require-
ments:

The generator must:

(=%

Bo
]
4. Demonstrate that vour device has some ty pe of transmission systen that o Be functional (able to light up %
will allow the generator Lo be slowed when submerged in fast-moving o=
streams of eivers or high wind speeds. at leaSt one LED). <

5. Demonstrate that your device is durable and can withstand the harsh
comditions under which it will IILL'I_\' ot ® Be portable and able to move

. Give a five- to ten-minute presentation ko the class that introduces the

from one water source to

class ko your designed solution, outlines the historical and cultural
developments associated with power production, and identifies any another'
social, cultural, or environmental considerations. for the use of this
energy source unoovered during your research

¢ Include some method of

Constraints/requirements

rate reduction/transmission

The generator niust

Be functional {able to light up al least one LED). (aHOWing fOI' SlOWGl' or faSteI'

Be portable and able 1o move from one water source Lo another.

moving streams).

Include some method of rate reductiontransmission {allowing for

slower of faster moving streams).

Inelude some method of adjustment for varying stream bed width ° Include some method Of

and depth or wind speed.

= He durable under harsh conditions. adjustment for Varying Stream
* Be constructed from appeopriate materiala, . .
= Be user friendly so that an untrained person living in an  underde- bed Wldth and depth or Wlnd

veloped reglon could operate i

speed.

e Be durable under harsh condi-

Provading Power 1o Rural Areas 3l t
10ns.

* Be constructed from appro-
4. Demonstrate that the device has some type of transmis- priate materials.
sion system that will allow the generator to be slowed when .
. . . . . ¢ Be userfriendlysothatan
submerged in fast-moving streams or rivers or high wind ) L
speeds untrained personlivinginan
P . underdeveloped region would
5. Demonstrate that the device is durable and can withstand the be able to operateit.

harsh conditions under which it will likely operate.

6. Give a five- to-ten minute presentation to the class that intro-
duces the class to the designed solution, outlines the historical
and cultural developments associated with power production,
and identifies any social, cultural, or environmental consider-
ations for the use of this energy source uncovered during your
research.

Providing Power to Rural Areas 3l
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Preparing for the

Primary Challenge Teaching

| You will have to provide assistance throughout
this Primary Challenge, but the bulk of the work should
come from the students. For example, you may need to
teach students how to rectify an AC current to DC. In addi-

The Primary Challenge requires the
students to design and construct a

working power generator that lights

up at least one LED (light emitting tion, since the Primary Challenge focuses on appropriate uses

diode). Students will learn impor- of technology, additional student investigation and class-

tant concepts necessary to design room discussion may need to take place so that students

an appropriate solution to the chal- fully understand what “appropriate technology” or “sustain-

able development” is meant to accomplish. There are a

tenge: number of great resources related to these fields of study on
After you have assigned teams, the Internet. By using search terms like “appropriate tech-
each team will need some time to nology,” the “decision sciences,” “sustainable development,”
work together. It is recommended or “science/technology/society” you will be able to find any
that you provide one class period number of resources related to the field. You are encouraged
at this time for teams to begin to insert a short lesson related to these fields of study into
working together on the following the unit.
task:
Research wind or water power .
generators. They should Te aCh I ng
be looking for articles that | After completing the Preliminary Challenge, you
describe how these devices will need to divide your class into teams. After observing
work, where they are used, § students during the Preliminary Challenge you should have
how they have impacted rural a better idea for effective teams.

societies, and how they impact

the environment.

The choice between creating a wind
or water generator will depend T ea Chlng

upon the accessibility of a loca-

The students’ solutions must convert the linear

tion to test the generator. A high- motion of wind or water to the rotary motion required

I
powered fan can be used to test the P to generate electricity. Three possible solutions include

wind generator and a stream can be constructing a water wheel, reaction turbine, or impulse
used to test the water generator. turbine. Teams should identify these and other possible solu-

tions on their own and determine the best approach to the

Primary Challenge.

3 Project ProBase  Energy & Power Technologies



Teaching
i Ina constructivist-based Learning Unit, it is

important to focus on conceptual development. There-

fore, it will be important for your class to stop and check
for understanding from time to time throughout this
unit. The students” Inventor’s Logbook entries will serve
as one means to check student progress on a regular basis.
Additional strategies that may help you keep the students
focused on their conceptual development include:

* Creating a large poster with the key concepts and/or
enduring understandings and placing it in a promi-
nent spot in your classroom (An example layout can be
found in the appendix).

¢ Breaking into Primary Challenge teams and identif what
students know and what they need to know to solve
the Primary Challenge. Compile their thoughts through
a discussion and create a large class display of what
they know and what they need to know. Require the
students (or teams) to “check off” the questions that
have been answered during the course of the Learning
Unit (throughout the nine-week period).

e Having your students create concept maps of the unit
in the Inventor’s Logbook entry forms located at the
end of their texts. Use the concept map at the begin-

ning of this Instructor guide (p. xi) as a model.

Resources:
water wheel kits and pictures
http://www.waterwheelfactory.com

encylopedia

http://encarta.msn.com/encyclopedia_761563866/Turbine.html
http://inventors.about.com/library/inventors/blwaterwheel.htm

wind energy

http://sIn fi.edu/tfi/units/energy/windguide.html
http://solstice.crest.org/renewables/re-kiosk/wind/index.shtml

Student Assessment

A rubric has been placed in

the Instructor’s Guide and the
Student’s Guide. The rubric is
designed as a tool for assessing
students’ performance in
designing a solution and creating
an efficient hydroelectric or wind
generator capable of generating
as much power as possible using
a variable scale. Based upon
your situation, please feel free to
modify the scoring guidelines.
The rubric should be discussed
and shared with students at the
beginning of the unit, focusing
on the necessary requirements
for the Primary Challenge (artifact
and written documentation). It is
also recommended that you post
this rubric in a prominent place
in the classroom/laboratory so
that student teams can refer to it
during the nine-week period.

Providing Power to Rural Areas 33
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Primary Challenge Rubric

Element

Criteria

Point Values

40

30

20

10

Points

Primary Challenge

Completed product
is fully functional
and addresses all

criteria, parameters,

Completed product
is functional
and meets most
criteria, parameters,

Completed product
represents a serious
attempt to solve the
Primary Challenge
but does not address

Product is not
complete or does not
function well and
does not meet stated

. and equipment
Product esil;iclaet?u;pniit th specifications set many of the stated criteria, parameters,
irsﬁhe Prim;)r s (sfhall(; oe forth in the Primary criteria, parameters, or specifications.
Y 3¢ Challenge. or specifications.
Number of LEDs Six or more LEDSs were Four to five LEDs Two to three LEDs Only one LED
Activated by activated by generator. were activated by were activated by was activated by
Generator Ve ' generator generator. generator.
Sub-total
Point Values 5 10 5 1

Drawings, Diagrams
and sketches

Drawings, diagrams,
or sketches clearly
illustrate an
understanding of all
requirements, criteria,
or specifications;
uses proper format
and was completed
electronically.

Drawings, diagrams,
or sketches illustrate
needed information,
but do not address all
stated requirements,
specifications, or
criteria. Completed
using an electronic
format.

Drawings, diagrams,
or sketches illustrate
needed information,
but do not address all
stated requirements,
specifications, or
criteria. Did not
utilize an electronic
format (hand drawn).

Drawings, diagrams,
or sketches do
not illustrate all
needed information.
Tllustrations are
incomplete or poorly
presented.

Clear evidence of a

Research and
development was
conducted while

Some research
and development
techniques were used

Minimal research
and development
techniques were used

comprehensive research . . while attempting while attempting
Research & and development effort solving the Primary to solve the Primary to solve the
was provided Challenge, but Challenge, but Primary Challenge
Development : documentation was 4 : X
. were not clearly Documentation was
marginal. .
documented. marginal.
As directed, the team Team responded to Team responded Team marginally
responded to questions questions and/or to most questions responded to
D . and/or maintained maintained topical and/or maintained questions and did
ocumentation comprehensive records, logs, and some records, logs, not maintain records,
records, logs, and other other notations and other notations logs, and other
notations of activities of activities while of activities while notations of activities
while completing the completing the completing the while completing the
Primary Challenge. Primary Challenge. Primary Challenge. Primary Challenge.
Presentation .
. . . Presentation does
Presentation demonstrates Presentation topically
R not demonstrate a
demonstrates a full significant addresses some of the )
. . . grasp of the major
grasp of the major understanding of concepts delivered concents delivered
P tati concepts, addresses major concepts, in this unit, but in thisunit and/or
resentation addresses most does not conform to

all stated presentation
requirements, and
conforms to time limit
constraints.

presentation
requirements, and
conforms to time

limitations.

stated presentation
guidelines and/or
time limits.

does not address
stated presentation
guidelines or time
limits.

Total Points
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Energy and Power,
So What?

Introduction

This learning cycle focuses on
historical and present-day sources
and forms of energy and power
technologies. While completing
this learning cycle, students will
be engaged in issues related to
the ethical, environmental, social,
and political influences behind
the energy and power choices we
make. Students will also examine
how energy and power decisions
made locally impact others region-
ally, nationally, and globally. In
order to complete this learning
cycle, students will create a time-
line of a specific energy source,
assess the energy source based

on specific criteria, and create a
presentation of their work.

Objectives and
Essential Questions

After completing this learning
cycle, students will be able to:

1. Use print and electronic
sources to create a graphic
and text-based timeline of a
specific source of energy.

Essential Question 3a: What are
some of the unforeseen conse-
quences of specific techno-
logical changes throughout
history?

M

Introduction

States? How |

This learning cvele

RIVIMNG,
all eommaon w
Most people, |
o .
It I

WALKING, TAKING A BUS, AND RIDING A BICYCLE are

LavE

Freqect ProBase = Energy and Fower Technolapies

: energy sources changed over

orical and preseni-day sources and forms

work, or to the mall

tice,
1ght to the sources and forms

pon on a dally basis, or the {rmpacts

Hawve wou ever though

usg in the United

ast 100 years?

also examines the manner i

miental, social, and political

womally, ok

Technological

Design
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Objectives
Arbeer comp ehing this leaming cycle, yvou will be able bo:

1. Use print and electronic sources to create a graphic and lexi-based Hme-
lie of a specific source of energy

2. Assess the ethical,

ental, social, and political influences of a

arce of energy in vour local and regional area, as well as itz

3. Create and deliver an electronic presentation bo your classmates

Energy and Power, 5o What? 35

2. Assess the ethical, environmental, social, and political
influences of a specific source of energy in your local and
regional area, as well as its global use.

Essential Question 3b: How can a technology cause both good
and harm and how do humans prepare for or respond to
these impacts?

3. Create and deliver an electronic presentation to the rest of
the class.

Essential Question 9a: How is technology used to control
devices and systems and provide information to humans?

Facility Requirements

No special facility requirements
are neededas long as students have
access to computers with Internet

access.

Equipment and Materials

Based on a class of 28 students:

Computer with Internet access for
each group

Word processing software for each
group

Microsoft PowerPoint® or other
presentation software for each

group

Printer (large and small formats if
possible)

Poster board (if appropriate for
Expansion activity)

Television/VCR (if appropriate for
Expansion activity — “Meltdown
at Three Mile Island” Video)

(4) Ceramic magnets
200 feet of #30 magnet wire

LED or miniature incandescent
lamp

16d nail

Miscellaneous wood and sand-
paper

Electric or hand-operated drill
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. Exploration
Estimated number of 50-
minute class periods:8
Suggested Daily Outline
Day One Day Two 2
F Hiaw is chemival energy conoereled o
Introduction’ . & FERETIC ENEryys
) Exploration
Exploration :
Exploration
Day Three Day Four Creating a Timeline
You will be placed into small beams by your insteuctor and given one specific
Reﬂection Engagement energy source to explore. For example, your team may be assigned solar
’ energy. Once in your teams and assigned an energy source, create a Time-
DiSCuSSiOn research :||-1L‘uf hl..‘[l.'\ : LJI:I (:l:l:_'r_l_.'._\-i source has developed over
history. Include key dates,
events, and people as 1750 1 850 1 950 2050
o . appropriale.
Day Five Day Six GEh
1550
Engagement
Engagement . %
presentations 185
1600 1900 2000
. 1700
Day Seven Day Eight
Engagement Preparing for the
presentations Challenge
3 Project ProBase « Enegy and Fower Technolopies

Exploration

There are several sources of renewable and nonrenewable energy,
such as—solar, nuclear, hydrogen gas, fossil fuels (e.g., coal, natural gas,
and petroleum), wind, tidal, geothermal, hydropower, chemical, and
biomass.
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Reflection

0

&

Based on the energy source that your instructor provided, answer the
following questions in the Inventor's Logbook spaces below:

Reflection

. What ethical comsiderations had to or will need to be considered with . t
pespect to your given energy source? In other words, who stands to ‘.u
benefit from the use of this energy source and who stands to lose? l

Logbosk 1.

r

What environmental impacts (good and bad) ocourred or will oocur
through the use ot this energy source?

3. Are there any social ramifications? In other words, will the use of this

technology cause changes in our sockety?

Energy and Power, 5o Wha? 3T

Teaching

| Each source of energy should be assigned to a team

P of students (teams of three students or less are best).

§ In the Exploration section of this learning cycle, each
team will need to have Internet access and be able to

use various software programs (e.g., Microsoft Word®

and Microsoft PowerPoint).

The energy source timeline the
students create should be detailed
and contain information from the
time humans inhabited the earth
to the present day. After students
conduct research on their respec-
tive timelines, they should prepare
a presentation using Microsoft
PowerPoint or other professional
presentation tools.

Teaching

| Students are provided five

P questions in the Reflection

§ section. These questions
should guide their inquiry

on the Internet, since they

will need this information for

their presentation.

You may need to help focus the
students on searching the Internet
with key words. It is entirely up
to you how the teams output their
timeline (e.g., electronic or on
large format paper). Stress to the
students that this timeline needs
to be neat and accurate.
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Reflection —

Students are provided opportu-
nities to reflect on the activities
throughout this Learning Unit.
Students are asked to respond
to the following questions and

i. What does soclety need to know about the risks and benefits of this

Cnergy source?

are provided space within their
student texts to write their

responses.
5. How do politics influence B —s e

the wse of this particular |

1. What ethical considerations energy source? Are some 4 I

. people against the use of b G ol I

have been or will need to be this energy source? Why ' i

or why not?

considered with respect to

your given energy source?

In other words, who stands
to benefit from the use of
this energy source and who

stands to lose?
Answers will vary.

2. What environmental impacts

(good and bad) occurred or
X 3 Project ProBase * Energy and Power Technolapies
will occur through the use of

this energy source?

Answers will vary.
4. What does society need to know about the risks and bene-

. . e i i ?
3. Are their any social ramifica- fits of this energy source?

tions? In other words, will the Answers will vary.

use of this technology cause

or impact changes in our 5. How do politics influence the use of this particular energy

. ? i i
society? source? Are some people against the use of this energy

Answers will vary, source? Why or why not?

Answers will vary.

40 Project ProBase * Energy & Power Technologies



Engagement

Wit inmpcd did the denelnpmment af dectrics

Engagement

he ability to do work requires some form of energy that enables a task to be
accomplished.  For most applications, electricity is used to accomplish this
goal; however, where does electricity come from? Electricity can be generated
by various methods Some of these methods inchude burning fuels such as
ail or coal, collecting, solar radiation, harvesting the wind, channeling water,
using ruclear reactions, or through chemical means. The generator is the

|1rim:ar)r SNITTE t\-l’Hh'Iri.'it_\' in our suciety. -
Figure 1. Magnesi: felds

Generators are based on a discovery made in 1831 by British scientist Michael

Faraday. Faraday coimed the principle of “electromagnetic induction,”

which descelbes how an electric conductor (e.g, copper wire), when moved

through a magretic field, will create an electric corrent flow (ke induced) in

the conductor. In other words, we can mechanically move a wire through

a magnete feld and cause electelc energy o

flowe im Hhae weire e 7

Figura Z, Divection of
current and megnetic
V| g Tield aroursd s conductos

Electricity is not always being generated nor is
it stored. Power plants produce energy based
om the amount of energy needed by custorme s
during certain times of the day,

Energy and Power, So Wha? 3%

Engagement

Teaching

| During this phase of the learning cycle,

p student teams will be learning about work, energy

S generation, and some of the important historical
figures in the field of energy and power. You may want

to begin the Engagement with a discussion of “work.”

Work can be described as the use
of energy to accomplish a task.

For most applications, electricity is
used to accomplish this goal. From
there, you might want to lead a
discussion about where electricity
comes from. You may even want
to ask students to identify exactly
where their electricity is gener-
ated locally. You could expand on
this conversation by discussing
the benefits and drawbacks of

the various fuels used to produce
electricity.

Electricity can be generated by
various methods. Some of these
methods include burning fuels
such as oil or coal, collecting solar
radiation, harvesting the wind,
channeling water, using nuclear
reactions, or through chemical

means.

Students will be asked to build

a simple generator. You may
want to introduce this concept
by providing a brief history
lesson related to energy genera-
tion. All generators are based on
a discovery in the year 1831 by
British Scientist Michael Faraday.
Faraday coined the principle of
“electromagnetic induction,”
which describes how as an elec-
tric conductor, like a copper wire,
is moved through a magnetic
field, electric current will flow (be
induced) in the conductor.

Energy and Power, So What? 4l




Next, the students will work in
teams to build a simple electric
generator capable of powering an
LED. You will need to provide the
student teams with the following

materials:

(4) Ceramic magnets
200 feet of #30 magnet wire

LED or miniature incandes-
cent lamp

16d nail

Miscellaneous wood and
sandpaper

Electric or hand-operated drill

The students will also need to
be prepared to demonstrate
their team’s solution to the rest
of the class. Make sure that
the students utilize the design
problem solving process (the
design loop) to solve this engi-
neering design problem.

Figure 1. Magnetic fields

Engagement

Building a Stinple Electric Generator

While you will conduct more complex
experiments  with commercial genera-
tors later in this Leamning Lnit, you will
build a simple generator here to begin to
understand the basic concepts of electricity
gererstion. Remember, an electric gener-
ator is a device used to corvert mechanical
energy into electrical energy.

Waorking In amall teams as asstgned by
pour imsbrucbor and I.I‘iil1l'_ the materials
outlimed below, build a simple electric
generator capable of powering an LED. Be

Your team should gather the
fel kowing materals befon:
beginning this activity:
1 Ceramic magnets
200 feet of 430 magret
wire
LED af miniature
Incandescent lamp
ek mail
Misc, wood
Sancipaper
Electric- or hand-operated drill

prepared to demenstrate your solution to this problem to the other feams)

members of your class. Make sure that you utilize the design problem-

solving process (the deslgn koop) to solve this enginecring design problem.

Follow the steps cutlined on the following pages to build the simple gener-
ator, (Be careful not to drop or lose any of the components, Electronic compo-

nents are very fragile.)

40 Project Prlase « Energy and Fower Technolapies
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Figure 2. Direction of
current and magnetic
field around a conductor




Engagement

. Build a U-shaped structure like the one pletured in Figure 3 ot of
wiond. Make sure that your structure's dimensions are similar to the

one in the Agure.

2. Onee your structure is built, drill a bole into one of the 4in /\
side panels, Make sure the hole is just big; enough to /
allow your mail to spin frecly:
3. Attach the four magnets to the top of the nail and /

insert the nail back into the drilled hole. The nail

2

should be able to spin easily with the magnets
attached, Bemove the nail and magnets fromn the
structure, )

. ek, lake your magnetic wire and wind the entire
spool tightly around the center of the wooden struc-

ture. When winding the wire, it is okay o cover up

the drilled hole. Make sure bo leave a Lail of aboul Gve

inches at both ends of the wine. Attach a plece of tape to ‘2‘
secure the wire in place once you have fnished. This will  Zin
Sy

prrevent the wira from wncoiling, :
# Figure 3. L-chaped stracnue

Energy and Power, 5o What? 41

Clarifying
the Problem

Brainstorming
Ideas

Communicating
Results

technological
design loop

Selecting a

Implementing Potential Solution

Evaluating and Modeling and
Refining Prototyping
Testing

4in

s

2in

NN

Figure 3. U-shaped structure

Teaching

| Technology education

p focuses substantially on

§ the aspect of design in
Standards for Technological

Literacy. Before constructing

anything, students should

go through the steps of the

design process.
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Engagement

'o‘o\'\nd
<&
N

R

top view

wn

. Once you have wound the wire, sand aboul 1 of the wire completely

to remove ALL of the red coating, By stripplng off the red coating,

Wl‘a ,0

the magmetic wire will be able to make a good electrical connection

with the light bulb. After the coating has been removed, the wire ends

should now have a copper look to them.

s

Spread the wire away from the drilled hole on the woeden structune

and tape the wite in place, Place the nail into the hole so that the top of
the nail 1 on the inside. Next, attach the magnets to the top of the nail

(See Fig

re 4). Oree the magr ched, spin the moil. 1f the mail

spins unevenly, adjust the wire until it spins correctly.

=1

Mow connect the stripped ends of the magnetic wire to the lead wires

of the light bulb. To do this simply twist the magnetic wire around the

exposed wire Hp of the lead wine

Figure 4. Placing the nail i
Flgure 4. Flacing the rail

=

L It is now time Lo best your generator. Spin the nail as fast as yeu can.

You should see a dimly 1t lght bulb. You may have o tuen off the Lights
in order to see the light bumn on. 1f you don't see the

light come on at all, make sure that you are using —

the correct malerials and that all of the
conpectons have been made properdy.
lix make the light a litle brighter, wind
another spool of magnetle wire around the

winnden struciure

41 Project Prfase « Energy and Fower Technolapies
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Engagement

Atter you have completed and tested your simple generator, answer the

following questions in the [nventor's Logbook space provided. 5

1. Whor were two of the most significant inventors and innovators in the ‘\t

field of energy generation?

2. Briefly describe how electricity is generated and transmitted to homes,

3. Conduct research to ddentify which three primary sources of fuel are

used most often b power electric generation plants in your state.

Energy and Power, 5o What? 1

1. Who were two of the most significant inventors and inno-
vators in the field of energy generation?

2. Briefly (and in your own words) describe how electricity is
generated and transmitted to homes.

3. Conduct research to identify which three primary sources of
fuel are used most often to power electric generation plants

in your state.

Energy and Power, So What?
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4.

What are the trade-offs associ-
ated with using these (above)
energy sources as the primary
fuel for generating electricity
in your state? Who benefits
and who loses when this
energy source is used?

Describe the impacts that
this energy source has on the
environment. What are the
environmental consequences
associated with continued use
of this energy source?

6. Describe how the energy

46

source is acquired, developed,
used, and disposed.

Engagement

. What are the trade-offs associated with using the energy sources identi-
fied in Question 3 as the primary fuel for generating electricily in your

state? Who benefits and who loses when this energy source is used?

o

Describe the impacts that this energy source has on the environment
What are the environmental consequences associated with continued

use of this ETETEY source?

&. Dhescribe how the energy source is acquired, developed, used, and

disposed.

M Project Prase « Energy and Fower Technolapies
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_ 1. Pick an alternative energy
- source from the following list
(wind energy, solar energy,
g;pa“sf}:g methane energy, and hydro-
energy) and develop a short
presentation that would

encourage lawmakers in your

Expansion

P state to fund energy research
You have been investigating emergy sources and forms and have experi- . . . .
mented with electrical generation. Based on what you've learned in this and lmplementatlon m thls
learming cyele, please choose one of the following activities below to expand .
your knowledge. alternative energy area.

1. Fick an alternative energy source trom the following, list (wind energy, Remember tO COl’lSider bOth

solar energy, methane energy, and hydro-energy) and develop a short . .
presentation to encourage lawmakers in your state to tund energy the rlSkS and beneﬁts'
research and implementation in this

alternative energy area. Remember to

consider both the risks and benefits 2. Pick a readily available device
2. Pick a readily available device that that consumes ener Such

consumes energy such as a flash- gy

light, lawn mower, or fish as a flashlight, lawn mower,

aquarium and identify the . . .

by peis) of energy consumed or ﬁSh aquarlum al’ld lden'

while producing, packaging, .

shipping, and utilizing the device tlfy the type(s) Of energy

After determining the types of energy that it consumes, trace each Consumed Whl].e prOdUCing,

form af energy to find its source
g packaging, shipping, and
utilizing the device. After
reverse engineering the
device to determine the types

el of energy that it consumes,

trace each form of energy to

find its source.

Expansion

Although not required, the Expansion activities are designed to
cause teams to delve deeper into the concepts explored in this
learning cycle.
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Preparing for the Challenge

The sources of energy students
learn about in this learning cycle
will help them throughout this
Learning Unit, which leads to the

Primary Challenge of building a
portable hydroelectric device.

Teaching

| Students should work in
their Primary Challenge

§ teams to create a concept
map that accurately reflects
their team’s knowledge struc-
ture related to hydroelectric
power. Provide a large sheet
of paper for students to create
their maps and display the
maps in a prominent place

in your room so students can

A6

refer to them throughout the

Preparing

AREER
ONNECTIONS

Here are some careers related 0

Diepartmens of Lab:
pational Clutlnol: Han

www,bls, povlom

L

How can your team's energy source be used to help solve the
Primary Chillenge? Get back in your assigned Primary Chillenge
teams, brainstorm what you know about hydroelectric or
wind power generation, and create a team concept map
that accurately reflects your team's knowledge structure at

> Preparin >
for the P&lallgnge

this time. Create your beam's conoept map on a large sheet of

paper so that you can add to it as your knowledge grows

Use the Inventor’s Logbook 1.3 space on the following page to record a

persmal copy of your tearm’s map so that you can neference it as needed.

Freqect ProBase = Energy and Fower Technolapies

Learning Unit. Students are
provided space in their text to

record their team maps.

Student Assessment

An assessment rubric has been developed for the Exploration and

Engagement activities. Feel free to change this rubric to better suit

your particular needs.
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Freparing

mumﬂ
e

Laghook |3
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Energy and Power, So What?

Element

Criteria

Points

Research and

Timeline was

Timeline was

Timeline was
not as complete

Timeline was

Developmem complete and complete,but as possible. but not complete
Timeli graphically lacking graphic I:I)'a hicail or graphically
D 11111e me ; pleasing. appeal. gplsasing y appealing.
evelopmen .
Exceptional Above average

Presentation and

preparation of

preparation of

Average preparation
of presentation,

presentation with presentation . Below average
icafi strong visual with good visual basic visual reparation of
Communication strong thg aids/handouts/ preparatio
P K aids/handouts/ aids/handouts/ R presentation.
reparation . . appropriate
appropriate appropriate
technology.
technology. technology.
. Presentation Presentation Presentation
Presentation was . . .
exceptionally effectiveness, effectiveness, effectiveness,
Effectiveness offective. clear. and clarity, and clarity, and clarity, and
acc,urate ! accuracy were about accuracy were accuracy were

average.

average.

below average.

Informative and
Interesting

Presentation was
exceptionally
informative and
interesting, with
all team members
involved.

Presentation was
highly informative
and interesting,
with all team
members involved.

Presentation was
informative and
interesting, with
most team members
involved.

Presentation was
neither informative
nor interesting
and had little
involvement from
team members.

Inventor’s Logbook

Fully identifies
the social,

Identifies most
of the social,

Identifies a few
of the social,

Does not identify

Entries environmental, and environmental, and environmental, and the impacts of an
political impacts of political impacts of political impacts of energy source.
Impacts an energy source. an energy source. an energy source.
q Fully comprehends Comprehends Comprehends Does not
Ethical . . . .
. . ethical ethical some ethical comprehend ethical
considerations - . . . . . . .
considerations. considerations. considerations. considerations.
Total Points
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\earning Cyclqa
Two

Electronics in Our Lives
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Electronics in
Our Lives

Introduction

This learning cycle primarily
focuses on electronics technology,
utilizing simple electronics equip-
ment as the vehicle for learning.
Students will be engaged in
hands-on activities designed to
provide them with a basic intro-

duction to the theory of electricity.

At the beginning of this ten-day
learning cycle, students will be
presented with a circuit to success-
tully wire, using a schematic and
wiring diagram. As the students
progress through the activities,
wiring diagrams and directions
have been removed from the
Student’s Guide, which will chal-
lenge the students to construct
working circuits directly from 0
the schematic diagrams. Despite

Introduction

day o help make our lives easier and more productive. Think about

YDL, MAY NOT REALLZE IT, BUT WE USE ENERGY AND POWER every

devices like cell phones, music video equipment, automaobiles,

computers, MP3 plavers, and other stereo equipment. As you
kmowe from the previous leaming cyche, energy comes in many

forms and is converted to power in a variety of ways.

Electronic components and digital electronics have been
built into most of what we use today, inclading
everything from toys to toothbrushes, As a matter of
tact, many small devices that were once mechan- T B
ical are now powered through electronics f
However, you should remember that regardless of the ,"
latest techmology, the scientific principles that govern il

the comversion of energy o power remain largely
unchanged. For example, the basic compoments of
batteries and the procedures used to make batteries

have net changed much in almest 100 years

Preject ProBase = Energy and Power Technologies

the fact that students will be
constructing rather simple elec-
tronic devices, the activities are at
a rather high level and will allow
students to solve complex prob-
lems without using solder and
large quantities of consumable
components.

Technological
Design

optimal designs

52 Project ProBase * Energy & Power Technologies
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Learning Cycle Two Concept Map

Technological
Change

consequences
impacts

communicating

Technological
Utilization

systems relationships

instrumentation

Technological
Systems

control devices

subsystems




3. Describe graphically and in
written form the functions
and purposes of resistors,
capacitors, diodes, transistors,
speakers, and transformers.

Essential Question 4b: What are

i i e W s e e the key elements of the various

knowledye of electronic and electrical devices through a series of hands-on

activities. You will be building some simple electrical and electronic devices

technological systems and

that will assist you in leamning the fundamentals of electron theory. Upon

completion of this kearning cycle, you will have an understanding of how to What are the I'elatiOl’lShipS

utilize electronic components and electricity to accomplish a task or goal.

. i between these systems?
Objectives

.\rl.cr-,'n|n|_sl|_~li|1l-_~_ this I.,'.ll'r\n'n!_:| cyehe, yion will be able bo; 4: Differentiate alternating

1. Comstruct working, electronic circuits using basic electronics.

current (AC) from direct
3 Describe graphically and in weltten form the functions Current (DC)'
and purpases of resistors, capacitors, diodes, transistors, Essential Question 4b, What are

speakers, and lransformens

2. Use a digital multimeter (DMM) to measure circuits.

4. Ditterentiate albermating curnent the key elements ()f the Various

AC) from ditect curren i 5 .
ey e technological systems and

5. Constructelectrical circuits . .
thatutilize parallel and series what are the relationships
connections,

between these systems?
5. Construct electrical circuits
that utilize parallel and series
Electroics in Qur Lives 51 connections.

Essential Question 4b: What are

the key elements of the various

L : : technological syst d
Objectives and Essential Questions cennoTopical sysTems an
what are the relationships
After completing this learning cycle, students will be able to: between these systems?
1. Construct working electronic circuits. Faﬂllt)’ ReqU|rementS

Essential Question 4b: What are the key elements of the various . 1 .
No special facility requirements

technological systems and what are the relationships are needed as long as students have

between these systems? Internet access and a place to work
on their electronic circuits. It would
be useful to obtain a number of

recycled plastic containers to hold
used to measure, calculate, manipulate, and predict the the electronic components while

2. Use a digital multimeter (DMM) to measure circuits.

Essential Question 9d: How is technological instrumentation

actions of technological devices and systems? teams are assembling the circuits.

Electronics in Our Lives 53



Equipment and Materials

While many of the electronic

components can be used over and

over, materials are listed by activity

below so that you will have a quick

reference for each activity.

Based on a class of 28 students:

Each Exploration activity:

Button switch
Alligator clips
Jumper wires

Breadboards (7 total)

(2) Fresh A A batteries (14 total)

AA battery holders (7 total)

Digital multimeters (DMM)
(Any DMM should work. The
DMM shown in the student
edition is the Radio Shack part
#22-805. A good multi-purpose
DMM would be the Radio
Shack part #22-813.)

Activity 1: Resisting Electrons -
7 each of:

54

LED

10KC) resistor
1KQ) resistor
100kQ) resistor

Exploration

Safety &

A with any
acvity, sabely
rules showld b
fallowed; using
i building
alectricity’
electranics cirenits
shontld ot be
taken lightly.
Sezious injuries
coubd eceur if elee-
tromic devices are
misused.

Exploration

For the pextgeveral days, you and your
team members will be completing
five electricily and electronics activi-
ties, Betore completing the following
activitics, your team will need to
abtain all the tools and assessrnent
rubrics from pour ingtrectos. You will
also mead to refer to the resistor color
code chart on page 55 as you complete

these Exploration sctivities,

These actrvities inclede:

Activity | = Resisting Electrons
Actwity 1 = Eloction Stosage
Activity 3 = One-Way Sireet

Activity 4 = Small Lo Large
Actwity B = Upstairs and Doswnstales

Before starting the first activity, you and the other members of your team
need o take a few mimtes o understand the language vsed in the field of

eneTgy and power.

* A breadboard is used to prototype {make an experimental arrangement

of parts) an electronle or mechanical systern or clrcull to test feasibility.

A volt or voltage is electric potential energy per unit of charge. [t is the

measure of the push behind an electron,

"

Arnmperes or arnps can be thought of as the flow of cureent or how many

electrons per second are traveling through a wire

material it ia flowing through.

51 Preject ProBase = Energy and Power Technologies

Reaistance is the electrical frlction between an eleciric current and the

Activity 2: Electron Storage - 7 each of:

LED

10KQ) resistor
3.3KQ) resistor

1kQ2 resistor
100uF capacitor
10pF capacitor

Activity 3: One-Way Street - 7 each

of:

Red LED

Green LED

Project ProBase * Energy & Power Technologies

Diode
3.3KQ resistor
100uF capacitor




_ Suggested Daily Outline
Day One Day Two
Introduction )
. Exploration
Exploration Activity 2
Activity 1 y
s Avresistoris apassve device whichimpedes the fow of an electric current, Da—y Three Day Four
used to develop a voltage drop across itselfor to limit current flow.
# hm's Law is a mathematical equation o measure the relationship Explor[ltion Explor[ltion
hetween woltage, current, and resistance. ACtiVity 3 ACtiVity 4
Ohm's Law Watt's Law Day Five Day Six
V=IxR P=Vxl
where: where: Exploration Exploration
W = voltage tn valts {V) P = povwer in watts (W) .o s ..
(e patel \,_Emﬂiﬂ ik Activity 5 Activity 6
R = resistance in chms {£3) | = current in amps {A}
Day Seven Day Eight
» Eleciric potential energy can be defined as the ability to do work.
& Power is defined A% eneTRy per unit of Hme, ReﬂecthTl, E]’[ a ement
. A h.am:r!,' is vsed b .:I.-c|rh;.a||_\ power a DISCUSSIOH g g
Lompanent I fymhol cireuit
Resistor - * A switch 18 used 1o connect and disconmect Da’y Nine Day Ten
iz —|_|||T the wires ina circuit
& A light-emitting diode (LED) is a sermicon-
Switch o o— dlll'lll-r diode that emits light when voltage is Engagement Engagement
suitably applied,
LED o
Figere 1. Comman comganants Day Eleven
Flectronics in Qur lves 53 Preparingfor the
Challenge
Activity 4: Small to Large - 7 each of: Estimated number of 50-
LED 4700 resistor minute class periods: 11
3.3KQ resistor 100uF capacitor
100K resistor NPN transistor Engagement
Activity 5: Upstairs and Downstairs - 7 each
. .0047 pF capacitor
of: 10KQ) resistor M H_ P
. resistor
Red LED 100uF capacitor 3.3 K resi
. . resistor
Green LED NPN transistor p .
IMO resistor NPN transistor
100K resistor Transformer
Piezo speaker
Breadboard
2 AA batteries
AA battery holder
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Exploration

For ten days, students should
work in teams (as assigned by
you) to conduct the five activities.
You may choose to have all teams
working on the same activity at
the same time or you may choose
to have different teams start with
different activities. However, you
should note that the first two activ-
ities include more specific instruc-
tions for the students. As the
teams progress towards Activity
5, students will find that the diffi-
culty level has increased.

Students may need assistance with
their circuits. Since you will have
photographs of completed circuits
in the Instructor’s Guide, you
may want to refer to these photos
and accompanying diagrams
when answering student ques-
tions. You are encouraged to resist
the tendency to provide answers
too quickly. Rather, encourage
students to think through the
problems that they encounter
before providing answers.

Exploration

Using a Breadboard to Make Simple Circuits

Breadboards are largely used 1o protolype electrical drculls and devices. In
order o use a breadboard correctly, you need o understand its lapout. A
breadioard is compesed of a series of clips attached to strips of metal that are
arranged in rows. The clips are typically composed of copper of nickel. The
size of boards vary depending on the complexity and size of the project

The armngement of the metal clips determines whether a socket strip or a bus
strip is displayed. A socket strip is made up of short vertical rows. Each row
contains five contact clips. A bus strip is made up of bwo long horizontal rows,
These rows serve as the power and ground tor the breadboard

Bus S

\J;LQNJLUWJLQ—LD;LWJLUJ—;LUJL
OO OO - DO - OO O DO OO K,
4HH
3
o

e
3600 o

[ o A e Ll A SR W e e
OO OO DD OO OO CHOCIH

OO0 _I’_H_I_I’_I

i

Figune 2. iew af the back of the breadboasd with cannection
sirigr showing between each femminal

Some breadboards contain binding posts. These posts allow you to connect
power from the bus strips to a power supply. To do this, a wire can be
coniected from the bus stelp to the binding post. You then would attach a
power supply into the binding post. However, in this unit we will connect

our power supply directly to the bus strips.

1] Preject ProBase = Energy and Power Technologies
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Component Symbol

Resistor "\/\/\r

Battery _|_| I F
Switch o o—

LED +—p -

Figure 1. Common components
and their symbols



Exploration

Resistor Color Code Chart

The most comman type of component used in electronics is the resistor, Resis-
tors are used in virtually all electrical and electronic circuits. The color coding
usied for marking resistors is as follows, Each color represents a number, ()
zero through (%) nine, as indicated in the chart below, Note that one color
band is very close to the edge of the resistor. Orient the resistor so that this
band is at the left. This is the “first significant digit.” The second band is the
“spcond significant digit” The third band is the “multiplier” The color of the
multiplier band indicates how many zeros are to be placed after the first two
digits {eg., Black-Black-Brown = W00 ohms). The fourth color band (if there is
one) is a metallic color, either silver or gold, In the fourth color band position,
silver represents 0% tolerance and gold represents 5% tolerance. Mo fourth

e, Hirk ]

band indicates 20% tolerance. NOTE: if o

that Hre achi! resistmee can be @5 sishance indicated

by e color code

- o h%] Band 3 Band 4] o wietaliic ban, eitier

o i 2 Nuliglier  Telerane]| =ier or sl apers
Eladk i [i] s
Brown 1 1 i
Red 2 2 o
Orange 3 3 g
Yollow i 4 a0
Green 5 5 00,000
Bluse 8 " e

% 7 11,000

B & Lo
White 9 L} 100
Gold ai
Silver i

Mane
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Safety lh/

As with any activity, safety rules should be followed.
Using and building electricity/electronics circuits should
not be taken lightly. Serious injuries could occur if elec-
tronic devices are misused.

Electronics in Our Lives
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Exploration

Resislors

OUm a basic level, a resistor simply slows down the flow of current in any

circuit A higher value resistor will constrict the flow more than a lower

nu

c resistor. Below is an example that shows how the resistor color code
chart {on the previous page) can be wsed to figure out a resistor’s value with
color bands of yellow, violet, and brown,

* TFirst -\:tl'\.Pq' is 5\,'Iluu'_ which means the let-mmaost di!_:|i| isad
¢ Second stripe is violet, which means the next digitis a 7
* Third w.'ll'ipc is browmn. Sinoe brown is 1, it means add one zero to the

right ot the first two digits

eh-Broam = 4-7-1)

Llse the resistor color code chart as a reference fo i.ic‘nlir_\ resistors. The color

wvariations of this chart can be found through a simple search on the [nternet

Activity One -
Resisting Electrons

i Preject ProBase = Energy and Power Technologies

o’ o—AM, }r’
LED

+ 10K

Figure 3
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Exploration

Activity One ~ Resisting Electrons

Your team should gather the following

mmiaterials before beginning this activ
Breadbnard Bustion switch
LED Aligator clips
10K mesision Jumper wires
KL Fesishor 120 A battares

100ke) resistor A battery holder

Busilding the circuil

Gather the necessary male-
rials  From yuour instructor
and follow the steps outlined
below to bulld the cireult and
complete the experiments. (Be
careful not to drop or bose any
of the components. Electronic

components are very fragile)

During Activity 1, you will discover the importance and value of resistors

1. Review the section on breadboards and resistors.

=5

with the breadboard

3. To begin building the circull on the
breadboard, find the positive leg of the
LED. The positive beg is always the
longer leg on the LED: This is impor-
tant because the LED will not operate

if imstalled incorrectly.

2. Examine the schernatic diagram in Figure 3 carefully before working

[_—G’D—WV—H"—
+ K LED
=

Electramics in Qur Lives

5T

Electronics in Our Lives

59




Exploration

1. Place the LED in the breadboard so0 that one leg of the LED is in one row
and the other is in a different row. Befer bo the review section on bread-
boards if you do not understaind the reference Lo “eows" in the nstrac-

Hons above.

5 Mext, attach one leg of the 10k (1 resistor in the same row as the positive
legg of the LED. Flace the other leg in an empty rowe. These components
are now connected in series, A further discussion of series droits will

aocur later in this learming oyele.

=2

Now, attach the button switch in series with the resistor {one leg in the
same row as the resistor and one in an empty row). After you have
completed this, you need to attach a jumper wire (a short length of wire)
from the negative leg of the LED to the ground row (the sideways row
farthest from the center of the board). Also, attach a jumper wire from
the push switch to the positive power row (the sideways row closest to
the center of the board; see Figure 2 on page 54}

-

Now, pul the ground end (black wire) of the power source in the ground
row {the sideways row farthest from the center of the board). Mexl, put
the positive end (red wire) of the power source in the positive power

row (the sideways row closest bo the center of the board).
£ Your instructor needs o check your circuit before pushing the switch,

9, Push the switch to turn the light on and off.

5B Preject ProBase = Energy and Power Technologies
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Students are asked to respond to
Exploration . .
the following questions:

1. Attach the leads of the DMM
to each side of the LED and
activate the switch. How

many volts are dropped

Testing the circuit

Lising your digital multimeter {DMM]) and the directions that follow, answer " == acCross the LED?

each question in the Inventor’s Logbook space provided using proper scien "r‘ 5

tific notation. After you have completed all of the questions, carefully discon- k J .

nect your cirowit and return 2ll materials to your instructor, Logu@ 2. USlng your DMM, measure

1. Attach the leads of the DMM to each side of the LED and activate the Logbook 2.1 the Voltage of your circuit. If

switch. How mamny volts are dropped across the LED?

you are not familiar with the

]

. Using your DVIM, measure the vollage of your circuit. I you are not

farniliar with the use of a DMM, refer to the owner's manual for oper- use Of a DMM/ refer to the

ating directions

owner’s manual for operating

directions.

3. How many amperes is your circuil producing using the 10K resistor?

. What is the total resistance of your circuit? To calculate resistance, your 3~ HOW many amperes iS your

team will need o ubilize the resistance formula in Ohm's Law

-

circuit producing using the
10K resistor?

[

. What is the power of your circuit? To calculate power, your team will

need 1o utilize the power formula.

4. What is the total resistance

of your circuit? To calculate

resistance, your team will

Fl ict in Qur L 50 g .
O need to utilize the resistance

formula in Ohm’s Law.

5. What is the power of your
circuit? To calculate power,
your team will need to utilize

the power formula.
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6.

10.

11.

62

Remove the 10K resistor and
rewire the circuit using the
1K resistor. Compared to the
first resistor (10K), what did
you observe about the LED
when the switch was pressed?
Explain your observation of

the circuit.

Rewire the circuit using the
100K resistor. Compared to
the first resistor (10K), what
did you observe about the
LED when the switch was
pressed? Explain your obser-

vation of the circuit.

. What is the purpose of a

resistor?

. What would happen to an

electrical circuit without a

resistor?

List three technological arti-
facts, devices, or products that

utilize resistors.

How might resistors be used

in your solution to the Primary

Challenge?

Exploration

& Remove the 10K reslstor and rewise the clrcull using the 1K resision.
Compared bo the first resistor (10K), what did you observe about the LED

when the switch was pressed? Explain vour observation of the circuit.

Rewrire the circuit wsing the 100K resastor, Compared fo the first resistor

(10K, what did you observe about the LED when the switch was

=1

pressed? Explain your observation of the circuit

=

What is the purpose of a resistor?

e

What would happen to an electrical circuit without a resistor?

10, List three technological artitacts, devices, or products that utilize resistors,

11. How might resistors be used in pour solutbon o the Pramary Chillenge?

&0 Preject ProBase = Energy and Power Technologies
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Exploration

Capracitors

As the definition states, a capacitor is a device used to store electricity. A
simple capacitor consists of three parts: twio metal plates and a dialectric in
between. A dislectric is anything that does not

conduct electricity, such as paper or plastic. Each
metal plate is conmected to a termiinal, one posi-
Hve and one nl‘-j_".'lll'\!“.

dizkactric

negative plan

When correctly connected to a power supply, an electrical charge will flow
into the capacitor and stay there until released. Charging a capacitor occurs
when a voltage difference is present bebween two conductors that are close
tagether, but electrically insulated from each other. Charging or storing elec
trons in a capacitor occurs until the voltage difference is equal to the applied
volbae. For example, if 10 volts are applied to a copacitor, the capacitor will

charge up to 10 volts, but no more than that

Depending upon the quality of the capacitos, the volts charged will remain
intact until they are discharged by another device. The amount of vollage
a capacitor can hold depends on the size of the metal plates, the distance
between them, and the material of the dialectric,

Capacitance (the ability to hold the charge) is dependent upon the size of the
c':l]'::lt'itllr Cﬂpﬂ('illlr'ﬁ are very usetul in any eireuit where a t'hﬂl’t‘rl' st be
stored and released. Capacitors have several uses. One is to remove waves and
level out the flow of elecirons in a cicult. Another s ko slore energy for a Llarge-
volume use {such as in a camera flash). A third use is to block DC voltage and
allow the passage of AC.

Capaiter

W desice it 10 SIore e
HEiY: Mea sured] i tarads
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Exploration
Tolesance Lodes
Liwr | Tebranos |41-)
M A%
K 0%
I 5%
H 25%
F 1%
Table 1. Tolerance codes;

not al-nchesye

Remembe:

Since th
Standand method for
Iabeling a capachion, the
st meshad to deter-
ne CApACItANCE s by
using 2 meter

e na

Reading a Capacitor

Identifying the value of capacitors
is not always clear. [nstead of using,
bands, capacitors have numbers
writters om one side.  This sechon
willhelp vou understand the basics
of identifying some capaciions,

Capaditor general halplul hints
Tova-digitwhobe numbers esusfly ncicate nancfarad:.
Decimal numbers wmally indicns migofanads,
Trrmn-<igit el nu=bart sssdyind e plochrach.

Ty ph'.al c':l]'!:l-:'ik:trs £y di'v:p]:w several s of information: .'.:P.!l'ililnn' walise,

tolerance {as shown in Table 1), voltage, and temperature coefficients. For an
idea of how this information appears on a capaciior, see Figure 4.

Small capacitors are usually labeled in u imicro-Farads), n (nano-Farads), or pF
{pico-Farads). Using the example in Figure 5 on the next page, the capacitor has
a value of 01 pF {micro-Farads) (x 10%) at 50 working, volts.

Figure 4. Locating values on 3
capaciier

Preject ProBase = Energy and Power Technologies

If there is neither a p nor o, then the value of the
capacibor i usually stated in pF (pico-Farads) (see
Figure &on the next page). Often, when the specified
capacitance is small, it is stated in pF (neer

treecls),

which must be comverted to pF or nF o match the
formatting of the value stamped on the capacitor.
For example, (0 pF is equivalent to 10000 pF and
would be stamped as 104 on the capacitor,
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Exploration

)
s
01 pF K e E

v [~ T MK — 103 lt

Figure 7. Determine the iy
Figure 5. Exampie capacnnr Figowe 6. Exampie walhie G this CIT pu
labeded in pF capacior labeled in pf WF LOB
Loghaok 2.2

When determining the value of a capacitor, asin Figure 5, the first two numbers
{Land () are placeholders and the third number (2) is the multiplier (how many
zeeros you add o the end). In this case, the capacitance is 10 pF <10F or 1000 pF.

This number is the same as 10 nF or 001 uF (£ 10%) @ 50 wonking oells.

Determine the value of the capacitor in Figure 7 on your owin.

Lamvertng Laparitance
e abive | Paliphar ?:':I:I' Examgle
r::::ll: uF 10r*F uF 0.3 uk
&g | @F W F n 3 ak
picofarad |_|I-' = F none 00, 000 r\F

Table 2. Conmearting capaciancs

Electramics in Qur Lives (1}

Notes:
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Exploration

Activity Two - Electron Storage

Ttradie Hon

In the last activity, your team learned how resistors are used to resist the
flow of electrons in a circuit and how Ohm's Law can be used to measure

various forces in any circuit. The following activity will focus on how fo

store electrons within a circuit
to deliver a charge. Knowing

how to store electrons within

Your team should gather the following

a circuit will be vital as your e g B n T R Ak sy

team attemnpts o complete the Breadbaand TopF capacitor
Pr ry Chailerge later in this LED Button switch
Learning Unit 100D reslstor Alligator clips
KL resistar Jumper wiras
Building the circuit 33 resision (2 AL batteries

D0UF capacitor A battery holder

Gather the necessary materials
and follow the instructions outlined below to build the circuit and complets
the assigned experiments (Be careful not to drop or lose any of the compo-
nents. Electronic components are very fragile.)

1. Review the section aboul capacitors. Examine the schematic

Lompanent 1 Symbol diagram in Figure % on the next page carefully before working
Blectrokvile " with the breadboard.
lectotytic ke
Capscitor i
2 To begin working with the breadboard, find the positive leg of
Disc Capacitar e the LED {refer fo Activity 1, if you have forgotien bow to identify

Place the LELD in the bresdboard so that one leg

Activity Two — Electron pmrpr—
and eheir symbeds. of the LED 18 in one row and the other 15 ina different row.,
Storage

(1) Preject ProBase = Energy and Power Technologies

Component Symbol

Electrolytic —1 AL_CKO_W\' A Ni’_
Capacitor + 33K 10K LED
- =~ 100:F
Disc Capacitor —'—m

Figure 8. Additional components
and their symbols

Figure 9.
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Exploration

3. Then attach the 3.3K ) resistor in series swith the LED. To do this, attach
one leg of the 3.3K C resistor in the same row as the positive leg of
the LED. Place the other leg in an empty row. Next, attach the 10K 0
resistor in series with the 33K {1 resistor. After attaching both resistars,

attach the push bubton in series with the 10K 0 resistor.

4. Mo, fake the positive leg of the WPEF capacitor (the legs of the capac-
itor shou ld be marked) and atach it in
thee samee row the 33K resistor leg and r{ W AV ¥
the 10KL resistor beg share. Now, take = B v o
the negative leg of the W0UF capacitor T i
and attach it to the ground row. The .
capacitor is now in parallel.

5. Mext, attach a jumper wire from the negative leg of the LEL to the

ground row. Take ancther jumper wire and attach it from the switch o
the positive row. Now, put the ground end of the power source in the
ground row. Then put the positive end of the power source in the posi-

tive power row
6. Your instructor needs to check your clreult before pushing the switch.

7. Push the switch on and off.

Electramics in Qur Lives
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Students are asked to respond to

the following questions:

1.

68

After the wires are correctly
connected according to the
schematic for the circuit (see
Figure 9), press the switch
several times. In the Inven-
tor’s Logbook space provided
describe how the LED is func-
tioning.

Replace the 3.3K resistor
with the 1K resistor. Press
the switch several times. In
the Inventor’s Logbook space
provided, describe how the
LED is functioning.

Replace the 100uF capacitor
with the 10uF capacitor. Press
the switch several times. In
the Inventor’s Logbook space
provided, describe how the
LED is functioning.

Exploration

-
-

. After the wires are correctly connected according to the schermatle,

.‘K press the swilch several times. In the Inventor's Logbook space provided

&! describe how the LED is functloning.

Loghnsk 2.3

=

Replace the 3.3K resistor with the 1K resistor. Press
the switch several times. Describe how the LED is

funclioning.

=

Replace the 100uF capacitor with the 10uF capacitor
P'ress the switch several times. Describe how the
LED is functioning

L1 Preject ProBase = Energy and Power Technologies
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Exploration

4. Excluding the examples
provided in the student guide,
list three technological prod-
ucts, devices, or artifacts that
utilize capacitors. What is the
purpose of the capacitor in

d. Excluding the examples provided in the student guide, st three techno-
logical products, devices, or artifacts that utilize capacitors. What is the

purpose of the capacitor in these devices? E
5. At this point in Learning
Cycle Two, your team has not

these devices?

: 5. At this point of learning cycle bwo, your teamn has not been eXposed tO the ”under'
bean exposed to the "understanding” of serles or parallel . P .
circuits. However, based on this activity, you wired the Standlng Of series or parallel
resistors inserbes. What does series mean? What does 3 .
parailel mean? Conduct an Internet search to find sites circuits. HOWeVer, based on
that explain how a series and parallel circuit works. thls aCtiVity, you Wired the
Successful search terms inchude “serles circoits,” “parallel
circuits,” and “electrical circuits” resist()rs 11’1 Series_ What does

series mean? What does parallel

mean? Conduct an Internet
search to find sites that explain
how series and parallel circuits
work. Successful search terms

include “series circuits,”
“parallel circuits,” and “elec-

. . < g
Blectronies in Qur Lives a7 trlcal circuits.

Notes:
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Activity Three -
One-Way Street

10

Exploration

Activity Three - One-Way Strect

Ttradie Hon

Im the last activity, your team learmed how resistors and capacitors work
together to store electrons. In this activity, you will kearn how diodes work,
th
devices, or products

- purposes, and how they function with other techrological artifacts,

Diodes

When waa the last time you went to a sporting

event where you had to walk through a fum-
stile? Why does a bicycle tire let air go in
but not cut? Answers to both of these ques-
tiomg will help you beter understand hoa
a dinde works Turnstiles allow 'Fu_'np'k‘ o
walk through, but they don't allow people
b reverse direction Hil.'_\-‘('l!' tine air valves
and water sump pump check valves work in
much the same way. They push water through
a check vabve, which does not allow the water
or air o reverse direction. Crodes function in a
simnilar manner. Diodes (also known as rectifiers) are semiconductor elec-

devices that allo

bre
dicgde can also be used for converti ng AL power to D power.

woan electrical current to flow in only one direction. A

113 Preject ProBase = Energy and Power Technologies
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Exploration

Using the Internet, search for information on how semiconductors, diodes,

and light-emitting diodes work. Use appropriate keyvwords in your search m

such as “electronic components,” “conductors,” “diodes,” “light-emitting
diodes,” and “LED*

In you own words, explain how semiconductors, diodes, and light-emitting
dindes work and the purpose of each. Record your answer in the Inventor’s

Logbook space provided Il‘f‘ﬂd!
R
o

Loghoak 14

Your team should the following (;1th§-rlhc nctc.s&?u- Ir1:11urial:-'
o Ty E_ i thils activity: and follew the |I1.-+|ru|1!|m\ o
the next pages to build the
Breacihosd Buthan switch circuit and complete experi-
FRed LED Alligator dips ments with what you have
‘Green LED: Jurnper wires comstructesd.  (Bre carefud
Digda 12] AA batterles. drop
23K resistar Ah battery halder
100KF capcitar

Electramics in Qur Lives (1]

Notes:
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Exploration

Biilding the 1 Circadl

1. Examine the schematic diagram in Figure 10 carefully before working

with the bresdboards.

(=]

Find the positive leg to the
LED first. Mace the LED in
the breadboard so that one

3K it LED

I\';.; of the LED is in one row

erL—L

and the other is in a ditferent

Fiiguire 10,

oW,

-,.|

Next find the negative leg of

the diode. The negative leg is the side closest to the line on the compo-
nent. Attach the negative leg of the diode in the same row as the posi-
tive leg of the LELY Mace the other leg in an empty row. (These compo-

nents are now in series.)

Then attach the 33K 0 resistor in series with the diode, Next, attach the

s

push button in series with the resistor. After you have completed this,

you need to attach a jumper wire from the switch bo the positive power

rowe. Also, wh a jumper wire from the negative leg of the LED fo the

ground row,

m Preject ProBase = Energy and Power Technologies
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33K diode LED

Figure 10.
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Exploration

o

. Mow, put the ground end of the power source in the ground row. Nesd,

put the positive end of the power source in the positive row.

o

. Allow your instructor to check your circuit before pushing the switch

7. Push the switch to turn the light on and off.

=

. Based on your observations, answer the questions belew:

a. After the wires are corvectly connected (circull), press the swliich.

What happened to the LED?
b, Reverse the dicde on the breadboard and press the switch, What Logheak 1.5

happened to the LED?

L Disconnect all wires and prepare for the next step in this activity.

Electramics in Qur Lives

7l

Students are asked to respond to
the following questions:

1. After the wires are correctly
connected (circuit), press the
switch. What happened to the
LED?

2. Reverse the diode on the
breadboard and press the
switch. What happened to the
LED?

Electronics in Our Lives 3
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Exploration

Biilding the 2 Clreudt 1
|
. Examine the schematic S ayr 13K
diagram in Figure 11 care- = =
fully before working with the T Figure T1.

=

=

w

breadboard

I begin working with the breadboard, find the positive leg of the 100uF
capacitor first {the legs should be labeled on the capacitor). Place the
capacitor in the breadboard so that one leg of the capacitor is in one row

and the other is in a different row.

hen attach one leg of the 3.3k (1 resistor in the same row as the negative
beg of the capacitor, Place the other leg in an empty row, {These compe-

memks Ane now in series)

Next, attach the positive leg of the red LED in series with the resistor
and then put the negative leg in an empty row. After you have
completed this, you need to attach the green LED in parallel with the red
LED. To accomnplish this, put the negative leg of the green LED in the
same row as the positive leg of the red LED. Then put the positive leg of
the green LED in the same row as the negative leg of the red LED.

MNow, altach one side of a jumper wire in the same row as the positive leg
of the green LED and the negative leg of the red LED: Then put the other

side of the jumper wire into the ground row of the breadboard.

Preject ProBase = Energy and Power Technologies
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Students are asked to respond to
Exploration . .
the following questions:

1. Touch the loose wire to the
positive side of the battery
and watch the red LED. What

happened? Why did the LED

6. Attach one end of a loose wine into the same row of the negative leg of . .

the capacitor. Do not attach the other end of the wire to anything, reaCt m the manner that lt
did?

" T finish the circait, put the ground end of the power source in the

prowund row. Mext, put the positive end of the power source i the posi-

Five romw
8. Allow your instructor to check your circuit. 2. Touch the loose wire to the
9. Touch the loose wire to the positive side of the battery and answer the negative Side Of the battery
questions below:
a Touch the loose wire o the positive sideof the battery and watch the red and WatCh the green LED.

LED. What happened? Why did the LED react in the manner that it did?

What happened? Why did the

3 LED react in the manner that
b. Touch the leose wire to the negative side of the battery and watch the Lﬂghm lt d1d7

green LED. What hap'_‘\ﬂﬁij 'l\'h_\ did the LEDY reasct i the manner Lughwlt 26
that it did?

10, Disconnect your circuit and retum the electronics and materials ko your

Instructor.

Electramics in Qur Lives n
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Exploration

I "dﬁ Answer the following questions in the Inventors Logbook spaces provided.

Explain their purposes.

i I List three technological artifacts, products, or devices that utilize diodes.

Logheok 27

2 How might a diade bewsed in a product to help solve the Primary Clialienge?

9O,

3. List three technological arti-
facts, products, or devices that

utilize diodes. Explain their
purposes.

4. How might a diode be used
in a product to help solve the
Primary Challenge?

] Preject ProBase = Energy and Power Technologies
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Exploration

Activity Four - Small to Large

Tntroduction

In the last activity, you leamed how resistors, capacitors, and diodes work
together in an electronic circuit. In thiz activity, you will leam how transistors

work, their purpose, and their function as an integral part of technolo;

artifacts, products and devices

Transistors

A transistor is an electronic device that uses a small
amount of current fo control a |;|r).;-=' amount of
current-that i= its only purposel Lise the Internet to
search for pictorial and text descriptions of how tran-

sistors work, Try searching using keywords such as

“tramsistors,” "how transistors work,” or “transistor

amalogy”
snibin

Based on what you find during your search,

eatects (il
use your own words bo explain bow a 1.*
transistor works and what its purpose  Fleue 12 Eamgle 2
NPH transistor Lﬂﬂ]@

ls. Revord your answer in the Inventor's

Logbook space provided

Loghaok 2.8

Companent ] Symbal

Transisior K emitter

base
Flgiree 13, Adcnicna companant
—/ and syrelaal collector

Figure 12. Example
NPN transistor

Electramics in Qur Lives %

Component Symbol

Activity Four — Small to Large

c

Transistor b K‘

e

Figure 13. Additional component
and symbol

Electronics in Our Lives 11
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Exploration

Obtain the neces
from your instructor and follow

ry materials

Your team should gather the following

the steps outlimed below o materials before beginning this activity:

bulld the clrcuit and to complets [ W T R e
experiments with the circuit. (Be LED switch

careful net ko drop o lose any 3K resistar Aligator dips

of the components. Electronic FOOKC resistor Jurmiprer wires

AR resiston [4) AA Batteries
1oopF capacitar AA battery hokder

components are very fragile)

Brilding the Circuit

1. Examine the schematic

with the breadboards.

ram in Figure 14 caretully betore working

ra

Since you have completed three activities with step-by-step instructions
and the schematic diagram, let’s try doing this activity using, only the
schernatic. Carefully examine the schematic pictured in Figure 14 on the
mext page and build the circuit.

e

Allow your instructor bo check your clrouit before pushing the swilch.

=

Digcommiect your circuit and return the electronics traimer and all mate-

rials bo your instructor,

s Preject ProBase = Energy and Power Technologies

l 33K

LED
1+ 100K N
470 NPN
T 100uF

Figure 14.
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Exploration

Place answers o the questions listed
below in the Inventor's Logbook

spaces provided

1. After completing the circuit, press
and hold the switch, With the switch
closed, all of the current flowing
through the 100KW resistor is used
to charge the capacitor. During this

\
period, is the LED on or off? Why? Imgﬁw‘

r

. When the capacitor voltage rises b 07V, the transistor will finsg um on
Loghook 2.9

and thee LED will light. As the capacitor voltage continues to rise, the

current fowing through the 48KW resisbor and inbo the transisbor base

will increase. Why does the current ris

. What happens to the capacitor when you release the switch? Can you

explain why this occurned?

Electramics in Qur Lives i
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Students are asked to respond to

the following questions:

1. After completing the circuit,

press and hold the switch.
With the switch closed, all of
the current flowing through
the 100KW resistor is used to
charge the capacitor. During
this period, is the LED on or
off? Why?

. When the capacitor voltage

rises to 0.7V, the transistor
will first turn on and the LED
will light. As the capacitor
voltage continues to rise, the
current flow through the
470KW resistor and into the
transistor base will increase.

Why does the current rise?

What happens to the capacitor
when you release the switch?
Can you explain why this
occurred?

Which resistor controls the
charge time?

. Which resistor controls the

discharge time?

In the Inventor’s Logbook space

provided, please answer the addi-

tional two questions.

80

Exploration

L. Which resistor controls the charge time?

5 Which resistor controls the discharge ime?

Disconnect your circuit and refum the electronics components and other

materials to your instroctor,

3
|mw‘ In the Inventor’s Logbook spaces provided, please answer the additional two
ﬁ qusestions.

Lughm 1. List thres |cuhnu|\|l-_~_iu‘\l arkifactks, pl’{\ﬂll;“\ or devices that utilize transis-

tors. Explain their purposes

Logheak 210

2 How might transistors be used to help you solve the Primary Chaileige for

this umil?

[ Preject ProBase = Energy and Power Technologies

1. List three technological artifacts, products, or devices that
utilize transistors. Explain their purposes.

2. How might transistors be used to help you solve the
Primary Challenge for this unit?
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Exploration

Activity Five - Upstairs and Downstairs

Tntroduction

electronic circuit. This activity is focused on transformers, how transtormers
work, the purposes of transformers, and how transformers work in unison

In the last two activities, you learned how semiconductors worked in an m

with other products or devices.
Indnctors

An inductor is a component used to induce current in an electrical device. A

typical inductor consists of a ooil of wite that is Hightly wound around a plece
of metal. When current flows through the inductor, the coil starts to build up
a magnetic field. Once the inductor has finished building the magnetic field,
it operates much like a normal wire. However, once the carrent flow is inber-
rupted in the circuit, the inductor contimues o flow the current stored in the
magnetic field throughout the device until the inductor depletes its magnetic
field.

A good example of this is a croit containing, an indector and a light bualb.
When the circuit is closed, the light bulb will gradually become brighter until
it is at its full potential. Once the cirewit is open the light bulb will still recelve
current from the inchactor until the inductor's
magnetic feld 1= gone, cousing the light © (ampenent | Symbal

turn o, The amount of current stored in the

= Imeductor T
inductor depends on four factors: the mimber

of coils, the type of metal used to wrap the | Trangormer EE component SYmbOI

magnelic wire, the cross-sectional area of the

cail, and the length of the cail.  All of these e 1 ACRROAE ROmpsn Aty
> and ther symbok

factors contribute to the performance of the Inductor

Transformer 3”{

Figure 15. Additional components
and their symbols

Electramics in Qur Lives i
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Students are asked to answer the
following question:

Using a computer with access to
the Internet, search for sites that
explain how transformers work.
Try searching using keywords

s

such as “transformer,” “primary

1’9 13
3

“step-up,

coil,” “secondary coil,” “coils,”

99 ¢¢

step-down,” or “input

coils.”

i

Exploration
inductor,
Transforitiers
A basic transformer consists of bwo sets of coils or windings (coils of wite). Each
setof windings is simply an inductor (a component that opposes changes inelec-
trical current). AC vollage is applied to one of the windings, called the primary
winding. The other winding (called the secondary winding) is positioned in
close proximity to the primary winding, butis electrically isolated from it

Flgure 16.

Transformerbasies  Jransformers are used to convert electricity from one voltage to another with
minimal loss of power. Transformers work only with AC becaise
they require a changing magnetic field to be created in their core.
Transformers can increase “voltage” {step-up) as well as reduce
voltage (step-down). Alternating current flowing in the primary
or inpul coil creates a continually changing magnetic field in the
iron core of the coil. This field also passes theough the secondary or

output coil,

The changing strength of the magnetic Beld induces an alternating
voltage in the secondary coil. In an electronics crcuit, transformers
are primarily used for converting vollages as well as isolating
ditterent circuits from each other,

Using the Internet, search for sites that explain how transtormers work, Try
searching using keywaords such as “transformer,” “primary coil”, “secondary

coil} “Ccoils) “step-upy “step-down; or “input coils”

|
B2
oo™

Logbouk 1.1

Preject ProBase = Energy and Power Technologies
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Exploration

Your team shoald gather the following
materials before beginalng this actvity: | [n vour owin words, explain how
a transformer works and what its
mm mﬁw purpose is. Record your answer
GreenLED Bstton siviich in the lnventors Logbook space m
Transformes Allgatar clips provided.
MK resistar Jumper wires
100K resistor 1) A bat tefies Obtain the necessary materials
KL resiston A battary holder fromn your instructor and follow

ps outlined below bo build
the cirouit and complete experiments with the cirowit, (Be caretul not o drop
or lose any of the components. Electronic components are very fragile)

Building the 1% Cirenit

L. Since you have completed four activities with step-by-step instructions
and the schematic diagram, let'’s try deing this activity using only the
schematic. Carefully examine the schematic pictured in Figure 17 on the
next page and build the circuit.

rd

. You weill first peed to build an mductor fo use in your cireuit To do this,

tightly wind a large paper dlip with 207 of magnetic wire. Make sure

o leave about an 145" of wire at both ends of the paper clip. You then
need o sand the ends of the magnetic wire completely to remove the red

coating. You have now made s simple inductor,

3. Umnce you have completed your circuit, allow your instructor to check
vour circuit betore pushing the switch

Electramics in Qur Lives 8l
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Exploration

e
B2
Logpo®”

Loghook 212

e

d um
— % |
Tresfonrer

Figure 17,

sl
N LED

Place all answers to questions in the Inventor's Logbook spaces provided.

1. After completing the circuit, press the switch several imes What

happens to the two LEDs?

=

You should have noticed that there is no wine connection across the frans-

tormer. How is it |_|qu:il1|.c [0 IiF_h1 the LEDs withowt a wire conmection?

=

Press and haold the switch for a few seconds. Release the switch and
describe the actions of the red LED,

.

Transformers only work with AC. The AA batteries are DC, Describe

huowr you are creating AC electriciby.

Discomnect your circwait and prepare for your secomd activity on transformers,

i Preject ProBase = Energy and Power Technologies

Inductor

Green
—3 | LED

Transformer

\'\
y 4 4

Figure 17.

84
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Bietlding the 2 Clrenit

.

. Oice you have completed your clecull, allow your instructor o check

. Press and hold the switch for 25 seeonds and watch the LED. If your

. Diisconnect the 100uF capacitor and notice what happens. Is the LED

Exploration

Wire the circuit according to the schematic diagram illustrated in Figure

18. Do mot conmect the wires at the {x) shown on the diagram.

your circuil before pushing the switch.

circuit is construched correct our LELY will be blinking {om and off) at

a comstant but slow rate, You have created an oscillator. An oscillator is &
circuit that uses feedback to generate AC output. {Feedback is when you

acljust the mput based on what the cutput is doang, )

comtinuonsly on? If so, we have interrupted the feedback mechanism af

the circuit.

Trarwiormeer

[
i i
<
- =
Figure T8,

Electramics in Qur Lives a1

Transformer

M 100uF

Figure 18.
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Exploration

5. Reconmect the capacitor o the original circuit as in Figure 18

i 6. Replace the 1M resistor with the 100K resistor. What did you discover?
Ive?
LDE 7 Replace the 100K resistor with the 10K resistor. What did you discover?
Logbook 2.13

Disconnect the ciecuit and return the electronica and materials to your

instructor

Preject ProBase = Energy and Power Technologies
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Reflection

-
Reflection
After completing all Explonthion activities, write the answers to the following
questions in the Inventoe’s Logbook spaces provided and prepare to discuss
them as a class. ]

. Why are resistors used in electronic devices? What function do they
provide? Lugw

Lugbook 214

]

. Why are capacitors used in electronic devices? What is their primary

role in the electronic device?

. How does a transtormer work to bring power to vour school or house?

Electramics in Qur Lives 25

Reflection

After students complete all of the Exploration activities, lead a discussion
centertin on the following questions:

1. Why are resistors used in electronic devices? What function do they
provide?

2. Why are capacitors used in electronic devices? What is their primary role
in electronic devices?

3. How does a transformer work to bring power to your school or house?

Electronics in Our Lives 87



Engagement

At this phase of the learning cycle,
students should be comfortable
using simple electronic devices
and feel ready to move on to
more challenging activities. All

of the activities that the students
completed provided a founda-
tion of knowledge and skills. This
foundation will gives students the
abilities to solve the remaining
activities and provides the knowl-
edge and skills to help solve the
Primary Challenge.

Putting out the Word

In this Engagement, students will
work in teams to solve an elec-
tronics design problem that might
be found in most secondary school
classrooms. Essentially, students
will work from a schematic
drawing to construct a siren that
could be used to call the class to
order. Ask the students to follow
the design loop and the steps
outlined below as they complete
this design challenge.

1. Conduct research on the
previous circuits you have
completed to identify compo-
nents you will need to build a

siren.

2. Optional: Conduct Internet

Engagement

Engagement
Putting Out the Word

MNew that you are comfortable using basic electronic cireults, it is Hme o put
POUT NEw found skills to use, The prev irvp:lg" .'r'-m|_||.,'t‘\| activities should have
provided you with a foundation of knowledge and skills that can be bulll
upomn, You should now have the ability to solve the remaining activities and
challenges. By solving the remaining activities, you will be developing the
skills and competencies needed to solve the Pri

y Chaflenge

It is time for you {and the other members of your team) to design solutions
to commion problems. One of those problems exists right in your classroom.
Your instructor often has a difficult time I_'h,'in;.; heard over the rumble of
student voloes. You need o bulld a siren for your insteuctor. Complete the
tollowing steps to build and test the siren for your instructorn;

1. Conduct research on the previous circuits you have completed to iden-

tify compenents you will need to build a siren.

2. Qptional; Conduct research on the Internet to identity potential designs

for a w:implq‘w-ir"n

w

D achematic diagram thal cleary ilustrates the cireuitry needed

for the siren.

4. Ask your instruckor b check vour schematic dlil:'_l'ﬂl'“ bor securacy and

then build the siren using a circuit board and other components needed

5. Ask your instructor to test the siren to make certain that it works

£ Preject ProBase = Energy and Power Technologies

research to identify potential designs for a simple siren.

3. Draw a schematic diagram that clearly illustrates the
circuitry needed for the siren.

4. Ask your instructor to check your schematic diagram for
accuracy and then build the siren using a circuit board and
other components needed.

5. Ask your instructor to test the siren to make certain that it
works.
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E‘P ansy,

Expansion
Select one of the following Expansion activities and follow the directions.

1. Create a homemade capacitor to power a small
LED and measure the electrical output

. Gather a few electronic components similar fo the

ones used previously and form a simple

electromic circuit that can be used o
complete a simple task.

{ m&s 14 L KO CALeTS r\l:llulll«
] ~ illlllrlp.x_ﬂ'l'- |"’f e alor-
Line Instalkerf Repainer mativn, visic the Unived Staes

Eecrrical Engineer
Elecuronic Service Techaidan
Industrial Designer

il oof Laber's Checu-
itk Handbasok an

wwwhla govlace

Electronics in Qur Lives

ar

Possible Engagement solution schematic

Expansion

Although not required, these
Expansion activities are designed
to cause teams to delve deeper
into the concepts explored in this
learning cycle.

Students should select only one of
the following Expansion options.

1. Create a homemade capacitor
to power a small LED and
measure the electrical output.

2. Gather a few electronic
components similar to the
ones used previously and
form a simple electronic
circuit that can be used to
complete a simple task.

Electronics in Our Lives 89




Preparing for the Challenge

Now that the students have
completed all the activities associated
with this learning cycle, they need to
consider the bigger picture of energy
and power and how electronics
relates to the Primary Challenge.

Preparin
for the F:I‘?inal enge

Teaching

Preparing

Take a moment o consider the Pronery Challenge foe this
Learning Unit. What electronic components might be useful
~ o solve this challenge? Will the hydro-electric generator

require allernating current (AC), direct curvent (DC), or both?

Conduct research to find the answer and o identify ways to conwvert

one current o the other. Record your findings below.

L]

| In Preparing for the Chal- e
P lenge, provide class time Ln?;““@k
Loghook 2,15

§ for your students to
research to find answers

to the following questions.
At the end of their research
time, discuss their findings.

1. What electronic components

might be useful to solve this

challenge?

2. Will your Primary Challenge

i Preject ProBase = Energy and Power Technologies

solution require alternating
current (AC), direct current
(DC), or both? Can you convert

one to the other?

Student Assessment

An assessment rubric has been
developed for the Exploration and
Engagement activities. Feel free to
change this rubric to better suit your
particular needs.
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Criteria

Element Points
4 3 )i I
S Less than half
Exploration Each circuit and/or | Each circuit/activity zli\ft?\slgt(i:érscxzi/e of the circuits/
Circuit activity was suc- was successfully activities were
. successfully com-
Completion | cessfully completed. completed. successfully com-
pleted.
pleted.
All questions for . Most questions for
. All questions for . S
each activity were . each activity were Questions incom-
Questions answered, with each activity were answered, more lete, no effort
. M answered with i’ . plete,
high quality and offort effort and detail shown.
effort. ' needed.
, All questions were Nearly all ques- Most questions The majority of the
Inventor’s tions were cor- were correctly an- questions were an-
correctly answered .
. rectly answered swered and placed swered incorrectly
Logbook and placed in the . X ¢ ‘ :
, and placed in the in the Inventor’s or did not provide
; Inventor’s Logbook .
Questions entrv spaces Inventor’s Logbook Logbook entry the needed infor-
ysp ’ entry spaces. spaces. mation.
Schematic shows .
. . Schematic shows .
high detail and detail and . Portions of sche-
accuracy; illustrates etail and accuracy; matic are strong; Schematic is
circuitr ,needed for llustrates circuitry some areas stilll incomplete and
Y . needed for working p
Engagement working solution; . . need development needs improve-
= . solution; applies .
Schematic applies concepts most concepts and refinement; ment; does not ap-
and components P need to apply more ply concepts from
developed durin, and components concepts from Exploration
Ex lorstion' addsg developed during Ex lopmtion ’ .
extfa Comp(,)nents Exploration. ! ‘
Siren is fully func-
Siren con- tional; effectively Siren is fully func- Siren functions, but Siren does not
struction gets class’s atten- tional. not as desired. function.
tion.
Safe All safety proce- Most safety proce- Some safety
ty dures were fol- dures were fol- procedures were i?;f;};lg;zczdrgzgs
Procedures lowed. lowed. followed. & ‘

Total Points
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Mechanical
Devices in Our
Lives

Introduction

This learning cycle focuses on
fluid and mechanical power.
Students will be engaged in
hands-on activities that will
enable them to put the theory of
mechanical principles to the test
and include these concepts in
their solutions to the Primary Chal-
lenge. Students will explore simple
machines and fluid power systems
in the Exploration phase of this
learning cycle. In the Engagement
phase, they are challenged to put
this knowledge to work as they
design a system that moves water.

Objectives and
Essential Questions

After completing this learning
cycle, students will be able to:

Introduction

N MOST CASES, ENERGY IS UTILIZED BY CONVERTING IT Into elec-

trical, mechanical, or fluid power systems. This process is called energy

conversion. Electrical power can produce mechanical power (an electric fan
converts electrlical power o mechanlcal power to provide a oxol breeze on a
wearm summeer day). Mechanical power can turn a generator to produce ebec-
tricity {wind generator), and a motor can drive a hydranlic pump o produce
fuid power (hydraulic bucket on earth-moving equipment). Decistons
regarding which form of power fo use to accomplish o sk very often come
down fo the issue of efficiency. Efficiency is the ratio of input energy to output
energy. An efficlent system is able to get the most eneegy oul for the least
energy put in ko the systern. This would be analogous fo your frying to get the

st money per howr for the work that vou complete during a summer job.

TIhink abcuk this: when was the last ime you washed your car using a bucket
and a sponge? Most peophe in the United Stabes use sutomated car wash facili-

Hies to v their cars, Automated and semicautomated car washes, like other

technological devices, were invented to help us achieve a more efficient life-

style. In the case of the automated car wash, elecitic motors power pumps

that spray jets of beT, inlq".'i._'ul S0P and other additives, turn th«‘wru'bhin;:_

, and activate other water flow control devices. While completing this

ke, you will be designing, building, and experimenting with a

wariety of energy and power systems.

#2 Project PraBase = Energy and Fower Technolagies

Energy and Power Technologies
Learning Cycle One Concept Map

1. Describe efficiency and apply

Technological
Change

consequences

impacts

energy conversion to mechan-

communicating

ical devices that are designed
and constructed.
Essential Question 5c: To what

extent have optimal designs Technological

been achieved in the eight Design

Technological
Utilization

technological context areas?

systems relationships

instrumentation

Technological
Systems

control devices

subsystems

optimal designs
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The main point of these exercises will be to experiment with key enesgy and

power comcepts, which are efficiency, energy conversion, and conservation.

As you may recall, L._'.a|'|1\'n!_:| {,':L'u Ie 1 tocused on the sourcesforms of ETETEY
and energy generation, while Learning Cycle 2 focused on the electronics

of techrological devices, Before you begin Learning Cyele 3, we should frst

review the ditference bebween CNeTEY and power,

Energy is the capacity to do work (potential energy).

When vou define energy as the accomplishment of é&
work, yOu are T\‘r\'rrin-r‘. o Li|1|_~|i¢¢rwr-r‘.5' Power, on the
other hand, is energy per unit of tinve or the measure- W@Ek

ment of ene

V. I h\.'r\."‘l."’"‘ you create power \\'h'"n you -
5 v} I ] i o
forsaXeiatanss

_\pply kiretic EMETEY OVEr @ p\"riud of ime o accom-

plish a task or some type of work.

Objectives
After completing this learning cycle, you will be able to:

1. Drescribe efficiency and apply the laws of conservation o mechanical

devices that are designed and constructed.

rd

. Amalyre how simple machines are used both independently and as &

combination of machines in mechanical devices,

7]

. Design and build working devices based on meechanical principles and

tools,

Mechasical Devices in Our Lves 3

2. Analyze how simple machines are used both independently
and as a combination of machines in mechanical devices.

Essential Question 4a: What are the systems and subsystems
involved in the various contexts of technology?

3. Design and build working devices based on mechanical
principles and tools.

Essential Question 9a: How are technologies used to control
devices and systems?

Facility Requirements

No special facility requirements are needed as long as students
have access to computers with Internet access and a place to
design and build their devices.

Equipment and Materials
Based on a class of 28 students

Miscellaneous wood
Wood craft sticks
Paper and cardboard stock
Miscellaneous plastics
String/twine

Screws and nails

Bolts and nuts

Glue gun and glue
Duct tape

Tape measures

Files

Hack saws

Sandpaper

Exploration: Challenge One
(Materials may alter
according to designs)

Newton scale

Pulleys

Exploration: Challenge Two
(Materials may alter
according to designs)

(7) 4" x 8" Blocks of wood or
foam

(7) Small DC motors

(7) AA batteries and battery
holders

(7) DC motor mounts

Stop watch

Plastic chains

Engagement

Miscellaneous PVC pipe and
fittings

One gallon of water

Plastic hose
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Suggested Daily Outline

Day One Day Two
Introduction
Exploration Exploration
Challenge 1
Day Three Day Four

. Exploration
Exploration Challenge 2
Day Five Day Six

. Exploration,
Exploration Reflection
Day Seven Day Eight
Engagement Engagement
Day Nine Day Ten
Engagement Engagement

[

Day Eleven
Preparing for the
Challenge

Estimated number of 50-
minute class periods: 11

Exploration

Exploration

After some initial discussions about energy
conversion with your instructor, you will be
placed into a small team by your instructor bo
complete EACH of the following challenges.
All teams will solve both Challengse One and
Challenge Two, Your instructor will provide

These activities mclude:

(hallengz | = Simple Machines
Challengz 2 = Boal Propulaion

your team with the needed materials and a timeline for completing each of

the tollowing challenges. You will need to take care o keep track of all mate-
rials and equipment during the completion of each challenge as you will not
be issued sdditional materials after the challenge has begun

W Project PraBase = Energy and Fower Technolagies

forceXdistamce

Exploration

For six days, students will be engaged in two different energy

and power activities.

Students are required to complete the following task for

Challenge One:

Using one or more of the six simple machines outlined,

students are asked to build a device that will safely lift one of
their teammates from the floor to a height of six inches. Teams
are asked to demonstrate their solutions to the rest of the class.
Make sure the students utilize the design problem-solving
process (the design loop) to solve this engineering design

problem.
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Exploration

Teaching

| The concept of mechan-

P ical advantage can be

§ discussed prior to the
ﬁ completion of Challenge
One. Simple machines make

indlinad plans

jobs easier by using a small
Challenge One: Simple Machines

force in order to overcome a

Almost every task performed by humans is accomplished by using various

combinations of the six simple machines. The six simple machines include: ]_arge force, glVlng a mechan-
the lever, pulley, wheel and axle, inclined plane, wedge, and screw. The

techmology feacher at your local middle school introduces simple machines ical advantage. Mechanical

ta seventh grade students through a lengthy lecture using the white board.

You might even remermnber Lhe leclure - a real sleeper! Al a recent Technology advantage can be Calculated
Department meeting, the Department Chair suggested that all new concepts

should be introduced to students using a problem-based, hands-om approach. by diVldlng the load (Output
This challenged the technology teachers to look for creative ways o change

their teaching practices. force) by the effort (input

The middle school teacher is good friends with your instructor and volun- force).
teered to help her find a way o make simple machines more exciting,. Your

instruchor developed this idea and believes it needs to be tested with real
students, Your team will assist your instructor by prototy ping this idea betore
it is shared with other technology teachers and the world!

Mechanical advantage =

output force/input force

Mechasical Devices in Dur Lves 95

Teaching
| Details for each challenge are provided in the
Student’s Guide. Please refer to the guide for the mate-
§ rials needed for each challenge. The water tank will
need to be constructed prior to Challenge Two of this
Exploration. You should begin to construct this as your

students are working on their first challenge activity.
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Teaching i

| You may decide to have

P students propose a

§ materials list based on
their design, or have the

students design their devices
Task
according to the materials
Using one or a combination of the six simple machines, build a device that
you prOVide, will fusing the least possible force) safely 1ift one of your teammates from the

floor to a height of six inches. Be prepared to demonstrate your solution to this

problem to the other beamsimembers of your class, Make sure that you utilize
E the design problem-solving process (the design loop) to solve this engineering

Possible materials include: design problem.
Deslgn Criteria
Miscellaneous wood

lo adequately solve this design problem, your team will reed o strictly
adhere to the following design criteria;

Screws/nails * Design beams must use only materials and tools supplied at the begin-
ning of the design challenge.

o

Completed prototy pe mast {at & minimum) use all six simple machines.

Newton scale

Completed prototype must besubmitted with acredible sketch of the
devioe,

Tape measure

Completed prototype must not place your classmate in harm's way at

any time and must operate safely during product testing

String/ twine

Completed prototype must be capable of lifting your classmate to a
height of six inches (from the floor) and hold ber/him thene for at least two
Paper and cardboard miutes.

Completed prototy pe must include labels for each of the six simple
Pulleys machines (note: simple machines may be used more than onee).

% Preject ProBase « Energy and Power Technokagies

Bolts/ nuts

Glue guns and glue
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Exploration

s Completed protoby pes must utilize the least possible input force to
accornplish the task

* The completed prototype must inclode a conmection point where a

spring, scale can be attached in order o measure input foroe. ﬂ

Testing the Device

When your team has completed its device and is prepared to test it, notity
your instructor and ask him/her o conduct a safety check. Your instructor
miay wish to lest all devices at the same Hime.

After testing, is complete, meve on b Challenge Two and the Reflection that

tollows this additional challenge. Make certain that you retain all materials,
drawings, and sketches during Challenge One as you will need these Later.

Mechasical Devices in Dur Lves 97

Notes:
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Students are required to complete
the following for Challenge Two:

Each team is responsible for
designing, constructing, and
testing a boat hull and propulsion
system. The designs must fit in the
testing apparatus that you have set
up in the laboratory. Each design
will be timed for a given distance
(to be determined by you). For an
example design of a boat hull, see
page AH in the Appendix of the
Instructor’s Guide.

Exploration

MNow thal you have completed the fiest design challenge related Lo simple
miachines, extend your krowledge by completing Challenge Two.

Challenge Two: Designing Boat Propulsion

Ome of the Wright brothers” greatest innovations was the propeller used on
the 1903 Flyer. The Wright brothers designed the propeller like a rofary wing
so that it would generate thrust as it rotabed. Your beam will have an opportu-
nity to think cutside the box, just like the Wright beothers did; however, you
will be designing propellers for a different purpose. You will design an effi-

cient beat bull propulsion system

Your instructor will assign you to an engineering team. Each team is respon-
sible for designing, constructing, and testing a boat hull propulsion system.
You will bee gi
hull. You must shape the hull according to your team'’s design, Your propulsion
system rnust use the battery and motor provided as the only power source.

1 a block of wood or foam aboat 4" wide and 8 long for the boat

Your designs must At i the testing apparatus that vour instructor has sed
up in the laboratory. Each design will be timed for & given distance (o be
determined by your instructor). Record your design ideas in the Inventor's
Logbook space provided on the next page.

Each time a different design is tested, your tearn must keep accurate reconds
tor @ minimum of three test runs, The times will be averaged and your
designs will be compared as you complete this task. Your team's goal is o
design the most efficient hull possible so that the boat muns the course as fast
as possible, After completing at least three trials for each design, answer the
ctioe questions that follow. Be prepared to demonsirate your solution to

this problem to the other bamsimembers of your class, Make sure that you
utilize the design problem-solving process (the design loop) o solve this engi-
neering design problem.

96 Project PraBase = Energy and Fower Technolagies
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Exploration

e
5.2
SE”“

Logbook 3.1

Mechasical Devices in Dur Lves 99

Teaching
| The concept of circular motion or angular velocity can be
P discussed prior to the completion of Challenge Two. An
§ object (i.e, a propeller) going around in a circular path at a
constant linear speed has acceleration (a change in velocity).
The velocity or speed in a given direction (displacement/time)
is always changing, because the direction of the object is
always changing. Acceleration can be calculated by subtracting
the original velocity (Vo) from the final velocity (Vf) and
dividing that number by the time it took to travel between the
two.

acceleration = (Ve _Vo)/Time

Teaching

| You may decide to have

P students propose a

§ materials list based on
their propulsion systems

according to the materials

you provide. Either way, each

team should be given a

4" x 8" block of wood or foam,

batteries, and a motor.

Other possible materials
include:

Miscellaneous wood (craft
sticks)

Paper and cardboard stock
Glue guns and glue
Miscellaneous plastics
Plastic chains

Stop watch

Battery holder

Mechanical Devices in Our Lives
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Exploration

Testing the Device

When your feam has completed its designs and is prepared to test themn, notity
your instructor and ask himdher to conduct a safety dheck. Your instructor may
wish b best all devices at the same time. Create a fable and record your best
resultsin the Inventor's Loghook space provided

Logheok 3.2

After kesting 15 complebe, move on ko the Reflection that follows this challenge.

Make certain that you retain all materials, drawings and sketches completed
as a part of Challenge Two; you will need these later.

10 Project PraBase = Energy and Fower Technolagies
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Reflection

g}
.

Reflection
Answer the following cuestions in the Inventor’s Logbook space provided

1. What krowledge and skills did you acquire as you worked bo complete

Challenge One?

2 What knowledge and skills did you acquire as vou worked to complete LOE)
Challenge Two? Logboak 3.3

. What did the cross-section of each propulsion system design look like?
Provide a sketch of the cross-section of each design on a separate sheet

and describe the similarities and differences between each design.

. How did the design affect the paddle’s efficiency {power in and power
oul) and speed?

un

. What was the average speed of the beal for your most efficient design?
Least efficlent”

Mechasical Devices in Dur Lves 10

Reflection

After completing both Exploration activities, have the students
answer the following questions in their text and hold a class
discussion:

1. What knowledge and skills did you acquire as you worked
to complete Challenge One?

2. What knowledge and skills did you acquire as you worked
to complete Challenge Two?

3. What did the cross-section of each paddle wheel design

look like? Provide a sketch
of the cross-section of each
paddle wheel design in the

space provided and describe

the similarities and differ-
ences between each design.

How did the design affect the

paddle’s efficiency (power in

and power out) and speed?

What was the average speed

of the boat for your most effi-

cient design? Least efficient?

Mechanical Devices in Our Lives
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Engagement

At this phase of the learning cycle,
students should be comfortable
designing and building mechan-
ical devices.

Teaching
| When dividing the class
P into two teams, make
§ sure that each team is
comprised of students with
varying degrees of knowledge
and skills. Require students
to follow the design loop and
require the student teams to
provide written documenta-
tion for each solution before
materials are distributed—this
will help you conserve mate-
rials and help the students
clearly conceive ideas before
beginning construction.
Encourage your students to
recycle and reuse materials

whenever possible.

Engagement

coRTrrdT

af erery

Engagement

Now we have an opportunity for you to apply all that you have learined in the
previows two challerges to solve an additional problem related to enengry and

power. Mace yourselt back in time—way back to fwelvet AD when the Roman

Empire was Jourlshing.

Your class will be divided | Your team should the following materials
inte  small engineering beﬁ:lmlmg'mning is activity:

teams by your instructor. Mise wood Wisc card board and duct
You  will design and Misc PV pipe and tape

construck  an  aqueduct fitangs Misc plastic hose or garden

O galkan of water and hose
o plastic buckets  Other ltems as approved.
Glue: gures and ghse by instructon

aystem that ubilizes today's

technological  devices b

improvean thesystem used

Lo move water in Rome
Task

After conducting some research on aqueduct and canal systems, use your
new knowledge to design and construct a model aqueduct systemn that will
raise water a helght of fweleve nches over a course of sixbeet. This will require
the use of varicus mechanical and for hydraulic power systems. Be prepared
to demonstrate your solution to this problem to the other teams/members of
your class. Make sure that you utilize the design problem-solving process (the

design loop) to solve thisengineering design problem.

01 Project ProBase = Energy and Power Technokigies

Students are required to complete the following task:

After conducting some research on aqueduct and canal systems,

use your new knowledge to design and construct a model aqueduct
system that will raise water a height of twelve inches over a course
of six feet. This will require the use of various mechanical and/or
hydraulic power systems. Be prepared to demonstrate your solution
to this problem to the other teams/members of your class. Make sure
that you utilize the design problem-solving process (the design loop)
to solve this engineering design problem.
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Engagement

Design Criteria

To .\d.,'\'p.l.alcly answer this d._'n'i!_:|n |_m.1l||._'m your team will need fo ».'rn'\'[l:u

adhere to the following design criteria

= Uompleted prototy pe must be submitted with a credible sketch of the

device.

= Completed prototy pe must be capable of lifting at least one gallon of

water a helght of twelve inches over a course of

six fieed.

¢ Completed protobype must not spill exces-

sve amounts of water,

i
= Completed prototype must utilize as many
1 - .

| mechanical devices as possible.

: %ﬁn Testing the Device

1 When your team has completed building

the agqueduct system and is prepared o
test the device, notify your instructor and ask
him/her o examine the device. Your instructor
ey wish b best all devices at the sarme ime. After
testing, is complete, move on to the Expension that

follova,

Mechasical Devices in Qur Lves 13

Design Criteria

To adequately answer this design problem, your team will need to
strictly adhere to the following design criteria:

¢ Completed prototype must be submitted with a credible sketch of
the device.

e Completed prototype must be capable of lifting at least one gallon
of water a height of twelve inches over a course of six feet.

¢ Completed prototype must not spill excessive amounts of water.

¢ Completed prototypes must utilize as many mechanical devices as
possible.

Mechanical Devices in Qur Lives 105



Expansion

Although not required, these
Expansion activities are designed
to cause teams to delve deeper
into the concepts explored in this
learning cycle.

Teaching

| You will note that a

P detailed materials list

§ isnot provided for the
Expansion activity. Teams

should determine their

own needs, decide upon the

supplies that will be needed,

and develop avenues for

procuring these materials

and supplies. You can ask

the students to procure their

own supplies and materials,

ask the teams to provide you

with a purchase list, or ask

]

Expansion

Expansion

MNow that you have solved a mumber of engineering design problems related
to the flelds of energy and powes, you should have developed a set of skills
and abilities that will help you solve additional engineering design prob-

lems with less outside guidance or oversight. To test this assumption, your

instructor s going to work in a small
design team bo sobve one of the Expansion

activities cutlined briefly below.

These activities (or engineering design
problems) call en your beam fo work in a
more realistic engineering environment—
onewhere peopleare not telling you what
materials bochoose from or providing vou
with clear design guidelines. Working
as a member of a small design team {as
assigned by your instructor) sebect one of
the following Expawsion activities to solve.

Project PraBase = Energy and Power Technolagies

i 8 remes s st
[ P pey

et

students to work from mate-
rials, equipment, and supplies
available in your laboratory.
Encourage your students to I
recycle and reuse materials

whenever possible. S

Teaching

Make sure to emphasize the importance of utilizing

solve these engineering design problems.

P the design problem solving process (the design loop) to

106

Now that the students have solved a number of engineering

design problems related to the fields of energy and power, they

should be able to solve additional engineering design problems

with less outside guidance or oversight. To test this assump-

tion, assign the students to work in a small design team to

solve one of the Expansion activities outlined briefly on the next

page. These activities (or engineering design problems) call on
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2. Design and construct a
Expansion .
mechanically powered

model land vehicle that
will travel the greatest
distance using only five
pounds of sand as the input
force. Forward motion on

1. Design and construct a small hand-operated generator using a gener- . .
ator that was originally designed for a bieycle and any other materials the VehIC]-e mUSt be Set mn
your instructor approves. The generator must be durable, small enough .

motion by the sand and the

to fit in a backpack, and must easily generate enough power o power

alight (stenilar in size to a flashlight). Be prepared to demonstrate your

vehicle must remain on the

solution to this problem to the other

teamsfmernbers of your clags. Make sure Surface during the entire
that you utilize the design problem- .
solving process (the deslgn loog) to solve test (in other words, teams

this engineering design problem.
may not use the sand to
2. Design and construct a mechanical-

lypowered model land vehicle that will prOjeCt the VehiCle thI‘Ough

travel the greatest distance using only

the air). Teams will need to

five pounds of sand as the input force.

You may use any materials that are be prepared to demonstrate
approved by vour instructor, Forward

motion on the vehicle must be set in their Solutions to Other

miotion by the sand and the vehicle must .

remain on the surface during the entire teams m the ClaSS.

test {im other words, you may not use

the sand to project the vehicle through the air). Be prepared to demon-
strate your solution to this problem to the other teamns/members of your
class. Make sure that you utilize the design problem-solving process (the
design loop) to solve this engineering design problem.

How da the activities in this learning cycle help you solve the Primmery Cial
lenge? Will you need to design and build mechanical devices like the ones

Mechasical Devices in Our Lves 105

teams to work in a more realistic engineering environment— Te aCh I ng
where materials are not listed or where clear design guidelines | If time allows, require
are not provided. Either assign or allow teams to select from one p the student teams to
of the following design problems: § prepare and give a formal
design presentation where
1. Design and construct a small hand-operated gener- they outline the merits and
ator using a generator that was originally designed demerits of their various
for a bicycle and any other materials your instructor design solutions to these two
approves. The generator must be durable, small enough problems.

to fit in a backpack, and must easily generate enough

power to power a light (similar in size to a flashlight).
Students should be prepared to demonstrate their solu-
tion to other teams.
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Preparing for the Challenge -
Now that the students have
completed all the activities associ-
ated with this learning cycle, they
need to consider the bigger picture
of energy and power and how

mechanical devices relate to the

mation, vist the |
Deparcmens of Labar's
pativmal Ouloale Hand

Primary Challenge.

www.bls.posv/oon

: ; e
i I
ginee!
.
Te ach I n in this learning cycle in order to solve the Prsary Cliallerge?
o Before golng on to the Préimery Challaige stop and spend
I A some Hme reflecting on the learning cycles in this

Discuss the following — Learning Unit

. . > Preparin >
P queStlonS Wlth your [or thel][hal nge Refer to the poster on which your Primary Chillenge team

wdentified the knowledge and skills needed o solve the chal-

S students: 5

e How do the activities in th@“-
this learning cycle help Logbeck 34
you solve the Primary
Challenge?

* Will you need to design

and construct mechanical
devices like the ones in
thls learning Cycle in 106 Project PraBase = Energy and Power Technolagies

order to solve the Primary

Challenge?

Provide time for students to meetin their Primary Challenge
teams to review the poster they created at the beginning of this
Learning Unit. Have them identify what they now know and
decideif there is anything else that they need to explore before
beginning the Primary Challenge. Remind students to document
theirideas in the Inventor’s Logbook spaces provided in their text.

After they have had time to complete this task, they should be
directed to focus on their solution to the Primary Challenge for
the time remaining for this Learning Unit.
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Freparing

|Lllhl. Are there pleces I|'|I.'h'hll'lh C A EVETVONe ON your leam answer the u]u\-u
tons posted at the beginning of this leaming unit? As a Primry Ci

demge
team, spend at least one class period brainstorming possible solutions to the
challenge you're faced with. Remember o document your ideas in the lnven-

tor's Logtbook space provided.

e

oo™

Loghook 3.5
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Student Assessment

An assessment rubric has been developed for the Exploration
and Engagement activities. Feel free to change this rubric to
better suit your particular needs. In addition, it will be your
prerogative as to how you assess the answers to the questions
and other required tasks that students placed in their Inventor’s
Logbook.

Mechanical Devices in Our Lives
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Mechanical Devices in Our Lives

Criteria
Element Points
4 3 D I
The device successful- The device successful- The device did not . .
E ; . . o The device did not use
Xp|0l‘3t|0n ly used all six simple ly used all six simple use all six simple .
: . . . . . . all six simple ma-
Slmple machines and lifted a machines and lifted machines, but lifted a . X .
. . . chines and did not lift
Machines person six inches from a person two to five person six inches from a person off the floor
the floor. inches from the floor. the floor. P '
. Boat hull design and
Propulsion Boat hull design and Boat huH. design and Boat hull design and propulsion system
P propulsion system propulsion system propulsion system does not meet criteria;
System S meet all criteria; LT L !
) : exceed all criteria; no minor improvements meet some criteria; im- major improvement
Design improvement needed. p provement needed. needed; no effort dis-
needed; good effort. ) .
played in design.
Paddle wheel is Paddk wheel con
. . Paddle wheel func- struction needs sig-
" fully functional, fits on . . . o . Paddle wheel does not
Construction . tions; high quality nificant improvement; -
boat; excellent quality - . function.
. construction. does not function
construction.
properly.
All .paddle wheel Paddle wheels designs Or.le pa ddle wheel Little or no effort
: designs are tested design is tested; data
Testing . N . are tested at least . shown to test paddle
multiple times; data is ) ) recording needs
once; data is recorded. X wheel or record data.
recorded neatly. improvement.
Aqueduct design and Aqueduct design and Aqueduct design and No effort shown in
construction are of construction are of construction quality aqueduct design and
Engagement excellent, high quality; good quality; includes needs improvement; construction; includes
includes six mechani- four to five mechanical includestwo to three only one mechanical
cal devices. devices. mechanical devices. device.
Prototype lifts more . Prototype lifts less
Prototype lifts one than one gallon less .
g than one gallon more . . Prototype does not lift
Function . gallon; twelve inches; than twelve inches; i
than twelve inches; no e . water; spills.
spilling no spilling. spills a small amount
P ’ of water.
All aqueduct de§1gns Aqueduct designs are Qne aqueduct design Little or no effort
. are tested multiple is tested; data record-
Testlng . . tested at least once; . R shown to test aque-
times; data is recorded . ing needs improve-
data is recorded. duct or record data.
neatly. ment.
Fully identifies the Identifies most of the Identifies few of Does not identify
, principles that under- principles that under- the principles that the principles that
Inventor’s lie the simple ma- lie the simple ma- underlie the simple underlie the simple

Logbook Entries

chines and provided
examples of where
they are used.

chines and provided
examples of where
they are used.

machines and pro-
vided few examples of
where they are used.

machines and did not
provide examples of
where they are used.7

Total Points
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wgeging Tkl Enduring Understandings Essential Questions

1. that technological progression is driven by a number of factors, including individual
creativity, product and systems innovation, and human wants and needs.

a. How are new technologies developed and marketed?

b. What social, cultural, and political pressures lead to the need or want for new
technologies?

c. What are the specific roles of professionals involved in technological adaptation
and change?

d. What factors need to be in place for new technologies to be viable in the national
and international marketplace?

e. What are the fundamental processes/principles used to develop new
technologies?

2. that technological development for the solution of a problem in one context can spin-off
for use in a variety of often unrelated applications.

a. How do technologies migrate from one context (or location) to another and what
are the implications?

b. What roles do the patent, trademark, and copyright laws play in the
dissemination of technological ideas?

¢. How have technological innovations caused paradigm shifts throughout history
and what are these major shifts?

3. that technological change can be positive and/or negative, and can have intended and/
or unforeseen social, cultural, environmental, and political consequences.
a. What are some of the unforeseen consequences of specific technological changes
throughout history?
b. How can a technology cause both good and harm and how do humans prepare
for or respond to these impacts?

4. how technological systems work, the components of those systems, and how they fit
into the larger technological, economic, and social systems.

a. What are the systems and subsystems involved in the various contexts of
technology?

b. What are the key elements of the various technological systems and what are the
relationships between these systems?

c. How do various technological systems influence the economy, society, the
environment, and culture?

5. that there are compelling and controversial issues associated with the acquisition,
development, use, and disposal of resources.

a. What kinds of resources are required in each of the eight technological contexts?

b. What is the relative value of specific resources used in technological systems?

c. To what extent have resource issues (acquisition, development, use, and disposal)
affected the direction of technological development?

d. What resources are needed to solve a specific design problem (people,
information, materials, tools, capital, energy, time, technical ability)?

AB Project ProBase  Energy and Power Technologies



6. that the complexities of technological design involve trade-offs among competing
constraints and requirements, including engineering, economic, political, social, and
environmental considerations.

a.

b.

To what extent have optimal designs been achieved in the eight technological
context areas?

What are the key factors that cause designers to make decisions about trade-offs,
limitations, and constraints when designing new products and systems? (Micro
Factors)

How can members of the public, politicians, or the state of the economy
influence the design of new technological products and systems? (Macro
Factors)

How can social values and principles guide in the development of solutions to
technological problems?

7. that technological design is a systematic process used to initiate and refine ideas, solve
problems, and maintain products and systems.

a.

What are the five primary methods through which technological problems are
solved and how do they differ (i.e, troubleshooting, research and development,
experimentation, invention and innovation, design problem solving)?

To what extent can design problems be approached through a series of generic
procedures (the design loop)?

What design criteria are typically considered when developing new technologies
(i.e, marketability, safety, useability, reliability, cost, materials, etc.) and how do
these influence the final product/system design?

How are decisions made regarding information that should be discarded or
ignored?

How can the attributes of design and the principles of design aid in the
development of quality solutions?

How can the establishment of relationships, controlling variables, categorizing
techniques, and making inferences aid in the development of new technological
designs?

8. how to evaluate the benefits, limitations, and risks associated with existing and proposed
technologies.

a.

b.

How does a risk/benefit analysis aid the designer in addressing potential
harmful effects prior to development?

What are some important ethical decisions that should be considered when
developing any new technology?

Are all product/system designs created for the purpose of adding social value?
How are ethical considerations, economic considerations, engineering realities,
and political forces balanced during technological innovation?

In what ways are technological needs and wants being balanced with long term
environmental or social consequences?

9. how to utilize a variety of simple and complex technologies.

a.

b.

How are technologies used to control devices and systems?
How do technologies communicate with one another and provide information to
humans?

To what extent are technological systems and devices controlled by people and to

what extent are they controlled by other technologies?
How is technological instrumentation used to measure, calculate, manipulate,
and predict the actions of technological devices and systems? Appendix AC
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Name: Date: Activity:

Dgaging Tochnalogy Energy and Power Technologies

Inventor’s Logbook
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Teamwork Rubric

Observation of:

Total
Points

Helping -
students offer assistance
to one another

Consistently

Most of the time

Some of the time

None

Listening -
students work each
others’ ideas

Consistently

Most of the time

Some of the time

None

Participating -
students contribute to
project/activity

Consistently

Most of the time

Some of the time

None

Persuading -
students exhange,
defend, and rethink
ideas

Consistently

Most of the time

Some of the time

None

Questioning -
students interact, discuss
,and pose questions to all

team members

Consistently

Most of the time

Some of the time

None

Respecting -
students encourage and
support ideas and efforts

of others

Consistently

Most of the time

Some of the time

None

Sharing -
students offer ideas and
report their findings to

each other

Consistently

Most of the time

Some of the time

None

Collaborative -

overall team work

Consistently

Most of the time

Some of the time

None

Total Points

Additional comments:

AF Project ProBase  Energy and Power Technologies
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Boat Hull Design
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In addition to Energy and Power Technologies, the ProBase curriculum series offers seven other Learning

Units. The eight ProBase units can be used independently, in conjunction, or as an entire curriculum pack-

age. A brief description of each of the ProBase learning units follows. For more information contact the Cen-

ter for Advancing the Teaching of Technology and Science.

Entertainment and Recreation Technologies

This unit unit explores technological entertain-
ment and recreation systems and how their use
impacts human leisure-time performance. The
social, cultural, and environmental implica-
tions of entertainment and recreation technol-

ogies are also examined.

Construction Technologies

Medical Technologies

This unit explores the factors influencing the de-
sign and construction of various structures, in-
cluding the infrastructural elements, communi-
ty development factors, and environmental con-
siderations. In addition, the unit provides expe-
rience with hands-on construction techniques

and with modeling structures to scale.

This unit provides an analysis of how medical
technologies are used to increase the quality
and length of human life, and how increased
use of technology carries potential consequenc-
es, which require public debate. The tools and
devices used to repair and replace organs, pre-
vent disease, and rehabilitate the human body

are also explored.

Manufacturing Technologies

Agriculture and Related Biotechnologies

The unit explores the process of changing
raw materials into finished products and how
manufacturing affects the standard of living of
various peoples. In addition, issues such as the
maintenance of manufacturing efficiency, the
effects of human consumption on manufactur-
ing, and manufacturing’s effects on the stan-

dard of living of various peoples are examined.

This unit provides an analysis of the various
uses and ethical considerations of biotechnol-
ogy. The unit also examines how agricultural
technologies provide increased crop yields and
allow adaptation to changing and harsh envi-
ronments, enabling the growth of plants and

animals for various uses.

Transportation Technologies

Information and Communication
Technologies

This unit looks at the complex networks of in-
terconnected subsystems that comprise trans-
portation systems and the roles of these compo-
nents in the overall functional process of trans-
portation. The unit also provides an analysis of
the improvements and the impacts of transpor-
tation technologies on the environment, society,

and culture.

This unit examines how technology facili-
tates the gathering, manipulation, storage, and
transmission of data and how this data can be
used to create useful products. The unit also ex-

plores how communications systems can solve

technological problems.
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